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Figure 1: Overview of BlendScape, a rendering and composition system for end-users to customize video-conference environ-

ments by leveraging AI image generation techniques.

ABSTRACT

Today’s video-conferencing tools support a rich range of profes-

sional and social activities, but their generic meeting environments

cannot be dynamically adapted to align with distributed collabora-

tors’ needs. To enable end-user customization, we developed Blend-

Scape, a rendering and composition system for video-conferencing

participants to tailor environments to their meeting context by

leveraging AI image generation techniques. BlendScape supports

flexible representations of task spaces by blending users’ physical
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or digital backgrounds into unified environments and implements

multimodal interaction techniques to steer the generation. Through

an exploratory study with 15 end-users, we investigated whether

and how they would find value in using generative AI to customize

video-conferencing environments. Participants envisioned using a

system like BlendScape to facilitate collaborative activities in the

future, but required further controls to mitigate distracting or unre-

alistic visual elements. We implemented scenarios to demonstrate

BlendScape’s expressiveness for supporting environment design

strategies from prior work and propose composition techniques to

improve the quality of environments.

CCS CONCEPTS

• Human-centered computing → Interactive systems and

tools; Collaborative and social computing systems and tools;

• Computing methodologies→ Artificial intelligence.
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1 INTRODUCTION

Advances in video-conferencing technologies and their increasing

availability over the past few decades have enabled distributed users

to collaborate on activities that previously required face-to-face

interaction. Since the COVID-19 pandemic, video-conferencing

has gained popularity not just for facilitating professional tasks

(e.g., remote work and distance learning [3, 39]), but also for health

appointments [26], social gatherings [21], and hobbies [8, 62]. How-

ever, today’s video-conferencing tools do not reflect the rich range

of activities that they are used for, due to how they composemeeting
environments (i.e., the “stage” or background rendered around users’
videos). Users are typically placed in separate regions of a video

grid within generic meeting rooms, which can lead to meeting fa-

tigue [19], reduce user engagement [10], and disrupt interpersonal

cues for mediating conversations [28, 56].

To support more expressive video-conferencing environments

that are aligned with distributed collaborators’ needs, we envision

leveraging generative AI to enable end-users to create custom meet-

ing environments. To understand the existing design space, we

reviewed video-mediated communication research that redesigned

meeting spaces to mitigate challenges with distributed collabora-

tion (e.g., communication barriers, decreased sense of co-presence).

We identify three main design strategies: (1) Establishing the meet-

ing context through the environment (e.g., by rendering shared task

spaces [24, 29] or thematic visuals [20, 30]); (2) Leveraging spatial
metaphors to enhance communication (e.g., facilitating turn-taking

via proxemic interactions between users [28]); (3) Using the envi-
ronment to record a meeting history, to aid future collaboration [59].

Despite the HCI community’s knowledge of effective meeting envi-

ronment designs and empirical studies demonstrating their benefits

for distributed collaboration, there is a lack of tool support for

end-users to implement these designs in real-time. Commercial

customization tools
1
require significant manual effort, making it

infeasible to adapt environments as meetings progress [23].

As a step towards this vision, we developed BlendScape, a

rendering and composition system for video-conferencing

participants to create environments tailored to their meet-

ing context (Fig. 1). We introduce two key innovations: (1) We

ground the generation of meeting environments in real spaces that

are meaningful to users by blending their physical or virtual back-

grounds into a unified environment. This can serve as a mechanism

for personalization [58] or to incorporate physical objects to col-

laborate around [29, 34]. (2) Capitalizing on recent advances in

1
Microsoft Teams TogetherMode: https://www.microsoft.com/en-us/microsoft-

teams/teams-together-mode; Ohyay: https://ohyay.co/

generative AI, we leverage image generation models to enable ex-

pressive and rapid techniques for composing environment designs.

While such techniques are the subject of ongoing research, several

dominant modes have emerged:

• text-to-image: generating an image from a given text prompt.

• image-to-image: generating an image from a text prompt

and an image prior (i.e., input image), retaining features of

the image prior while introducing new elements or styles

consistent with the prompt.

• inpainting: similar to image-to-image, but using a mask to de-

termine which parts of the image prior should be unchanged.

The rest of the image is generated in a way that it is consis-

tent with the fixed parts of the image prior (i.e., blended).

BlendScape uses inpainting to merge users’ video backgrounds

into blended environments and image-to-image techniques to trans-
form existing images of environments to reflect the meeting pur-

pose. To lower the barrier for end-users to generate good quality

scenes, we developed multimodal interaction techniques to steer

the generation of relevant visuals and composition techniques to

naturally integrate users’ videos within the scene.

We assessed the benefits and limitations of BlendScape’s cus-

tomization techniques in two steps. First, to demonstrate the ex-

pressiveness, we implemented three scenarios using BlendScape,

exploring a range of professional and social collaborative activi-

ties. These scenarios incorporate a majority of environment design

strategies for supporting distributed collaboration from our review

of prior video-conferencing systems.

Second, we conducted an exploratory study with 15 end-users to

investigate whether and how they would find value in using gener-

ative AI to customize video-conferencing environments. Through

guiding participants to prototype meeting spaces for three scenar-

ios using BlendScape, we elicited their customization preferences

and explored to what extent BlendScape enabled them to achieve

their design intentions. All participants could envision using gener-

ative AI techniques to facilitate a range of collaborative activities in

the future (e.g., to spark creativity in professional settings or set a

theme for social gatherings). However, to feel comfortable adapting

environments during live meetings, they would require further

controls to mitigate distracting or unrealistic visual elements. We

propose improvements to BlendScape’s implementation to address

these limitations in future work.

Our key contributions are: (1) the BlendScape composition

system, which enables real-time end-user customization of video-

conferencing environments through generative AI-driven composi-

tion techniques; (2) an evaluation of BlendScape’s expressiveness

and considerations for empowering new design participants [32],

through a study demonstrating how 15 video-conferencing users

envision leveraging generative AI to personalize meeting environ-

ments and our implementation of three target use cases.

2 RELATEDWORK

Ourwork extends prior research on (1) designing video-conferencing
environments to support distributed collaboration; (2) generative
AI techniques for constructing 2D and 3D environments.

https://doi.org/10.1145/3654777.3676326
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2.1 Design Strategies for Video-Conferencing

Environments

Our goal withBlendScapewas to provide a unified set of customiza-

tion techniques for dynamically tailoring meeting environments to

a wide range of collaborative activities. Here, we define the environ-
ment as the “stage” or background rendered around users’ videos,

excluding functional tools such as the chat or host controls.

To understand the design space of meeting environments, we

reviewed commercial video-conferencing tools and systems from

video-mediated communication research. We classified the environ-

ment design strategies these systems adopted to mitigate challenges

in distributed collaboration, as demonstrated through empirical

studies. Our review surfaced three main roles that meeting envi-

ronments can play in supporting distributed collaboration (Fig. 2):

(1) establishing a shared context, (2) enabling spatial metaphors for

communication, (3) serving as a record or artifact of collaboration.

1) Establishing a Shared 
Context

2) Enabling Spatial Metaphors 
for Communication

3) Serving as a Record or 
Artifact of Collaboration

a) Rendering users’ videos within 
a unified environment

b) Conveying the physical or 
digital task space

c) Setting the theme or mood of 
a meeting

a) Enabling proxemic 
metaphors

b) Enabling scaling metaphors 

c) Rendering spatialized audio

d) Establishing consistent user 
layouts

e) Rendering egocentric viewing 
perspectives 

a) Recording a history of 
collaborative activities

b) Serving as an artifact 
produced through collaboration

Design strategies 
supported by 
BlendScape

Figure 2: Classification of Environment Design Strategies:

We analyzed how existing video-conferencing tools compose

meeting spaces to support distributed collaboration by (A)
depicting a shared context, (B) enhancing communication

behaviors through spatial metaphors, (C) capturing a record

of collaboration within the space. In Sec. 5, we use scenarios

to demonstrate how BlendScape supports implementing

eight of these ten design strategies (shown in bold).

We focus our review on screen-based meeting systems with

2D or 2.5D designs. Design strategies for other modalities (e.g.,

tabletop [57, 63] or mixed reality interfaces [25, 27, 51]) would

likely introduce new dimensions to our categorization.

Establishing a Shared Context. A primary role of meeting

environments is creating a shared frame of reference for distributed

users. We observed three design strategies (Fig. 2A): displaying

users within a unified meeting space, incorporating elements of

physical or digital task spaces, and establishing a meeting theme.

Simulating co-located meetings by rendering users’ videos

within a unified environment is a popular strategy to increase

distributed users’ sense of co-presence [30, 56], as demonstrated

both by commercial tools (e.g., Teams Together Mode, Ohyay
1
) and

research systems (e.g., Waazam [30], HyperMirror [44], BISi [48]).

Conveying the task space, i.e., the physical or digital space where

artifacts are collaboratively produced [7], is critical for distributed

users who would otherwise lack awareness of their collaborators’

actions. Beyond traditional screen-sharing capabilities that display

digital task spaces, MirrorBlender’s [24] layerable “mirrors” (translu-

cent representations of users’ videos and shared screens) enable

more natural interactions with digital artifacts, e.g., using hands to

gesture around shared content. Capturing physical task spaces (e.g.,
for learning hands-on skills [37]) often requires custom hardware

setups [34, 38]. To mitigate this, ThingShare [29] enables users to

scan physical objects via webcams and manipulate their digital

representations. To set a common theme or mood for meeting

participants, Wazaam [30] and VideoPlay [20] introduce capture

and rendering techniques for playful interactions, e.g., compositing

children within storybook illustrations.

Enabling Spatial Metaphors for Communication. To enable

more natural and seamless communication, recent tools leverage

spatial affordances to mimic collaboration strategies from face-

to-face interactions. Our review surfaced five spatial composition

techniques (Fig. 2B): enabling conversational transitions through

manipulating proximity or scale of users’ videos, rendering spa-

tial audio, structuring users’ layouts to support turn-taking, and

rendering egocentric viewing perspectives.

First, meeting rooms that resemble physical spaces afford us-

ing proxemic interactions to facilitate conversations: in Gather
2
,

users can initiate one-on-one video calls by “walking up” to each

other; in OpenMic [28], users position themselves near a “Virtual

Floor” to express their desire to speak. Scalingmetaphors are com-

monly used to highlight specific users: Teams’ and Zoom’s Speaker

views render active speakers at a larger size than other meeting

participants; OpenMic [28] allows users to negotiate conversational

transitions by increasing the size of their videos. Rendering spa-

tial audio can help users follow conversation flows and support

inclusion of remote participants in hybrid meetings [31, 45] (e.g.,

MirrorVerse’s [23] “doorway” function gives users an auditory pre-

view of breakout room discussions before they join). Maintaining

consistent user layouts, (e.g., by seating users around a table in

TogetherMode
1
) can help establish turn-taking patterns. Perspec-

tives [56] further supports turn-taking by rendering egocentric

viewpoints in the environment for each user, which simulates

face-to-face social cues, e.g., making eye contact with speakers.

Serving as a Record or Artifact of Collaboration. Finally,

we observed two examples where meeting environments document

collaborative activities, providing a basis for later ideation (Fig. 2C).

First, meeting tools can record a history of user interactions,

movements, and changes to themeeting environments, which

can be replayed at a later time to understand collaboration patterns

(e.g., MirrorVerse’s workspace record-and-replay tools [23]). Finally,

the meeting environment could be an artifact produced through

users’ collaboration, e.g., for interior design or world-building

scenarios. In our review of prior work, we did not find examples

of video-conferencing tools that explicitly claim this functional-

ity; however, this use case is common in VR immersive authoring

tools [59, 64] which allow users to collaboratively create virtual

content while situated in the virtual world itself.

While the HCI community has significant empirical knowledge

on how to configure meeting environments to enhance distributed

collaboration, it is still a challenge for end-users to attain these

2
Gather: https://www.gather.town/
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designs, due to a lack of real-time customization support in video-

conferencing tools [23]. Commercial authoring tools (e.g., from

Together Mode
1
, Ohyay

1
, and Gather

2
) are geared towards pre-

meeting use, requiring users to manually craft relevant visuals and

establish user layouts. Inspired by recent customization suites like

MirrorVerse [23], our work aims to lower the barrier for users to

dynamically create video-conferencing environments. We leverage

generative AI techniques as a new approach for rapidly expressing

and aligning environment designs with meeting contexts (e.g., to

visualize shared task spaces or create themed visuals).

2.2 AI-Assisted Environment Generation

Ourwork also builds on prior approaches for enabling non-technical

users to interact with generative AI models, which has been the

focus of recent HCI research [1, 15, 16, 18, 42]. Based on user input,

such as visuals or text-based prompts, these models can gener-

ate a wide variety of content including images [2, 43, 53, 61, 66],

text [6, 50, 52], and even 3D objects [14, 22, 33, 35, 36].

Recent advances in image generation techniques allow the gen-

eration to be conditioned in a variety of useful ways, in addition to

guidance from text-based prompts. For example, ControlNet uses

an auxiliary model that incorporates additional data such as depth,

semantic, and human pose representations [41, 65]. Prior work also

explored intuitive techniques for end-users to control generative AI

models, e.g., through sketching [12, 13, 65], speech [46], sliders [11],

and iterative design mechanisms [15, 18, 55].

There is increased interest in harnessing image generation mod-

els to dynamically generate virtual environments. Before the rise of

AI-driven approaches, environment generation relied on predefined

components and procedural logic. For example, WordsEye converts
text descriptions into 3D scenes using a database of 3D models and

predefined rules [14]. DreamWalker substitutes real-world elements

with virtual content via procedural generation, enabling VR users

to safely navigate their physical surroundings [60].

These procedural approaches paved the way for the utilization

of generative techniques that can be observed in recent AI-assisted

creativity support tools. A recent example is WorldSmith, a system
that investigates how multimodal image generation models can be

harnessed to aid users in authoring and iteratively refining elements

of fictional worlds [15]. Opal [42] guides users through a structured

search for visual concepts to generate images for news illustrations,

utilizing LLMs to tune users’ prompts based on an article’s content.

BlendScape builds on similar techniques, but with a distinct

focus on generating creative environments for video-conferencing

systems that can be aligned with meeting participants’ goals. In

particular, we employ inpainting methods to blend users’ video

backgrounds into unified scenes, provide multimodal input tech-

niques for users to steer the generation, and leverage LLMs to

dynamically tailor users’ prompts to meeting themes and activities.

3 SCENARIO WALKTHROUGH

To illustrate how BlendScape can enable expressive meeting en-

vironments by blending physical and digital spaces, we present a

scenario implemented with our system: a brainstorming session be-

tween two designers who are prototyping a mixed reality interface.

c

ba

“brainstorming”

Figure 3: Scenario 1:Design Brainstorming. To create a unified
setting for brainstorming, two designers use BlendScape

to blend their webcam backgrounds with a camera feed of

a physical desk (a, b), enabling them to ideate around hand-

drawn sketches. They later blend in elements of their digital

task space, such as mock-ups of a mixed reality interface (c).

The designers join a video call and add their webcam feeds to

BlendScape’s composition interface. One designer also adds a cam-

era feed of their physical notebook, so they can sketch ideas during

the brainstorming session (Fig. 3a). At the start of the meeting,

they use BlendScape to generate a creative environment for their

ideation activity. They type “brainstorming” in the prompt field,

and a few seconds later, they see their blended environment: their
physical surroundings are still visible, but now seamlessly extend

into a unified design studio (Fig. 3b). This blended meeting space

allows them to gesture and refer to physical sketches in the note-

book, simulating how they might collaborate face-to-face. Later in

the meeting, the designers blend a digital sketch into their physical

backgrounds to preview mock-ups of their MR interface (Fig. 3c).

Many other meeting experiences are possible, from work sce-

narios to therapy spaces, birthday parties, or vacation planning

(Appendix. A.2). As we describe next, BlendScape provides flexible

techniques for creating rich meeting spaces. Later, we present addi-

tional scenarios that demonstrate BlendScape’s expressiveness to

enable distributed collaboration techniques from prior work (Sec. 5).

4 BLENDSCAPE SYSTEM

This section presents BlendScape, a rendering and composition sys-

tem that enablesmeeting participants to customize video-conferencing

environments. Key to our approach is blending elements of users’

physical or virtual backgrounds into unified environments to allow

for flexible representations of task spaces. We first outline three

system requirements that guided the design of our system. Then,

we describe our implementation of BlendScape’s generative AI

techniques for customizing meeting environments and composition

techniques for enhancing visual cohesion.
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Figure 4: Overview of BlendScape interface: BlendScape offers two composition modes for creating meeting spaces (a): blend-
ing webcam feeds together via inpainting and transforming the image on the canvas via image-to-image. To steer the environ-

ment generation, end-users can specify text-based prompts for theMeeting Activity andMeeting Theme (c), control the strength
of stylistic prompts (b), upload custom image priors (f), and modify specific regions of the scene via selection tools (e). Users
can return to and iterate on previous environment designs via the history tools (g). The automatic layout techniques facilitate

positioning users behind foreground objects in the scene (d). BlendScape also provides session management tools (h) and
per-user controls for adjusting the proportion of their video backgrounds preserved during the environment generation and

toggling between displaying live webcam feeds or static frames (i).

4.1 Requirements

We defined three requirements for customizing meeting environ-

ments with BlendScape, informed by our review of environment

composition techniques for distributed collaboration (Sec. 2.1) and

our motivating scenarios (Sec. 3, 5):

R1: Enabling users to express the meeting context through

the environment. Embedding relevant visual and structural el-

ements within video-conferencing environments can strengthen

distributed users’ collaborative processes (e.g., conveying shared

task spaces in our Design Brainstorming scenario, using spatial land-
marks to facilitate conversational transitions [28, 56]). BlendScape

allows users to align environments to their meeting purpose by

specifying text-based prompts and providing image priors (i.e., im-

ages of their physical surroundings or other spaces that represent

their collaboration needs).

R2: Supporting convincing illusions ofmeeting in a shared

space. To simulate face-to-face communication cues (e.g., deictic

gestures [24], making eye-contact [56]), prior systems composite

users within virtual environments that resemble physical spaces. To

enable these designs while allowing users to incorporate their phys-

ical context, BlendScape implements two rendering techniques:

(1) preserving and blending users’ video backgrounds into a unified
environment, which maintains realistic lighting, color temperature,

and shadows around users; (2) hidden surface removal to obscure
the boundaries of users’ webcams among objects in the scene.

R3: Enabling coarse- and fine-grained customization of

environments. Adapting meeting spaces to dynamic collaboration

needs may require users to update the entire scene (e.g., to reconfig-

ure the space for small vs. large group discussions [23]), as well as

make minor adjustments (e.g., incorporating shared content [29]).

In addition to inpainting and image-to-image techniques for creat-
ing new environments, BlendScape enables users to make granular

changes by selecting portions of the scene to re-generate. To enable

iteration on past results, we maintain a history of environments.

4.2 BlendScape Interface

Next, we provide an overview of BlendScape’s composition tools

(Fig. 4). BlendScape’s user interface consists of a canvas in the

center that displays blended environments and composites the

users’ videos within them. All meeting participants share the same

view of this canvas; changes to the environment and position of

users’ video feeds are synchronized across all users.

Meeting participants can generate environments using two com-

position modes (Fig. 4a): blending the video feeds from only their

webcams (using inpainting), or refining the image that is already

present in the canvas (using image-to-image techniques). This im-

age on the canvas may be a result of a previous image generation

step or an image uploaded by the user (Fig. 4f). For inpainting,
users can specify how much of their video backgrounds should be

preserved through a slider (Fig. 4i).

To generate visuals relevant to the purpose of their meeting,

users can enter two prompts for aMeeting Activity andMeet-
ing Theme (Fig. 4c). The Prompt Strength slider controls the prompt

weight, i.e., how much to prioritize the prompts in the environment
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Video feeds “brainstorming; treehouse”

“brainstorming; library”

“brainstorming; library”Image prior

Image-to-image to
transform image prior

Inpainting to blend
video backgrounds

Image-to-image to
restyle existing environmentsa

b

c

Figure 5: Environment Generation Techniques. BlendScape supports composing meeting spaces through (a) blending video

feeds together via inpainting techniques and (b) transforming an input image (i.e., image prior) via image-to-image techniques.
These composition approaches can be chained, e.g., to restyle a blended environment in the theme of a library (c).

generation (Fig. 4b). BlendScape offers direct manipulation tech-

niques (clicking, dragging, and pinching) as intuitive ways to posi-

tion and scale videos, both for steering the environment generation

and placing users’ videos in the scene.

To make fine-grained adjustments to the environment, users can

add or remove objects by selecting a region of the scene (Fig. 4e) and

specifying a prompt. BlendScape also offers automatic layout

techniques (Fig. 4d) that composite users behind objects in the

scene and automatically scale their videos to match the size of

the objects. BlendScape saves a history of past environment

generations and users’ positions within the scene, to enable

iterating on past designs (Fig. 4g).

4.3 Generative AI Techniques for Blended

Environments

To enable real-time end-user customization of video-conferencing

environments, BlendScape implements two classes of AI image

generation techniques: (1) an inpainting technique, which blends

users’ physical or virtual backgrounds into a unified environment,

and (2) an image-to-image technique, which incorporates users

into an overarching image that represents the meeting setting.

Generating blended environments from users’ video back-

grounds (R1, R2). BlendScape allows meeting participants to in-

corporate their real-world surroundings or virtual backgrounds into

the shared environment as a mechanism for personalization [58]

or capturing the task space where artifacts are collaboratively pro-

duced [7]. First, users can specify the proportion of their video

backgrounds to retain; we mask these regions to preserve them

in the blended environment (Fig. 6). Then, BlendScape performs

inpainting to generate plausible visual details between the fixed re-

gions, based on user-specified prompts for theMeeting Activity and

Meeting Theme, e.g., “brainstorming” in a “treehouse”-themed

environment (Fig. 5a). By preserving physical backgrounds, we

aimed to more naturally integrate users into the blended space by

matching their real-world conditions (e.g., lighting, shadows, color

temperature, and webcam resolution).

Direct manipulation of video feeds (i.e., re-positioning and re-

scaling) can be used to steer the generation of different styles of

inpainted environments. For example, positioning smaller videos at

the top of the screen creates a sense of environmental depth, with

clear separation of foreground and background elements.

Task 1 images

Maximum background preservation (0.95x)

Medium background preservation (0.7x) Minimum background preservation (0.2x)

Original video backgrounds

Figure 6: Masking Video Backgrounds: Users can adjust the

proportion of their physical or virtual surroundings to retain

in the resulting blended environments.

Driving environment generation through image priors (R1).
As a second composition approach, BlendScape uses image-to-
image techniques to transform an image prior (i.e., input image).

This involves restyling the environment to incorporate visuals re-

lated to the Meeting Activity and Meeting Theme prompts, while

preserving key structural elements in the prior, e.g., walls or back-

ground objects that convey the environment’s geometry (Fig. 5b).

Meeting participants can upload image priors to set the theme

of the meeting, (e.g., using an image of a library for a study group),

establish a layout of users (e.g., row-based seating for academic

lectures), or situate themselves in real-world meeting spaces.
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Combining inpainting and image-to-image techniques for
iterative environment design. (R1, R3). To simplify novice users’

composition processes into two clear pathways for creating envi-

ronments, we separated the inpainting and image-to-image tech-
niques into two modes within BlendScape: webcam-based and

canvas-based generation. However, BlendScape supports flexibly

combining these techniques to iterate on prior environments. For

example, performing an image-to-image transformation after an

inpainting generation is an effective strategy for refining roughly-

blended areas and subtly restyling an existing environment.

4.4 Improving the Composition of Blended

Environments

Tomake the base environments generated via inpainting and image-
to-image techniques more suitable for video-conferencing, we im-

plemented three composition techniques: (1) prompt enhance-

ment to further align environments to the meeting context and

enhance the visual quality; (2) granular scene-editing controls

to add visuals or correct distortions; (3) hidden surface removal

techniques to integrate users’ videos with foreground objects.

Generating context-informed and thematic environments

through LLM-driven prompt padding (R1, R2). Crafting expres-

sive prompts remains a challenge for novice users of image genera-

tion models, requiring significant trial and error [4, 12]. To lower

the barrier for meeting participants to create detailed environments,

BlendScape enhances user-specified prompts with keywords sug-

gested by LLMs, as demonstrated by prior systems [4, 42].

First, we elicit text-based prompts from users to define the Meet-
ing Activity, which drives the layout of the environment, and the

Meeting Theme, which steers the generation of aesthetic elements.

Then, to dynamically tailor the image generation prompts to the

meeting context, we query GPT-3.5 to augment the Meeting Activ-
ity and Meeting Theme prompts with keywords for five relevant

objects and five stylistic qualities that represent the meeting at-

mosphere. For example, for a Meeting Activity of “Brainstorming
Session” and Meeting Theme of “Hologram,” GPT-3.5 suggested

“Interactive Touchscreens” and “Holographic Whiteboards”
as objects and “Dynamic Lighting” and “Seamless Integration
of Virtual & Physical Elements” as stylistic qualities.

Inspired by prompt expansion tools for artists (e.g., PromptGen
3
),

BlendScape also adds a fixed set of terms to encourage high-quality

visuals: “highly detailed, intricate, sharp focus, smooth.”
Appendix A.2 includes examples of GPT queries and outputs.

Compositing users in an immersive manner through hid-
den surface removal (R2). A limitation of capturing meeting par-

ticipants via webcams is that they appear as “floating heads” with a

harsh cut-off at their shoulders, due to the limited field-of-view. To

more naturally integrate users within environments, BlendScape

takes a similar approach as prior tools (e.g., Ohyay, TogetherMode
1
):

placing users behind objects in the scene and enabling hidden sur-
face removal, a rendering technique to remove portions of 3D objects

that should not be visible from a particular camera perspective. We

implemented an object segmentation pipeline in BlendScape to

compute the salient objects in the generated environment (e.g.,

3
PromptGen: https://promptgen.vercel.app/

chairs, tables) and extract them to a foreground layer positioned

in front of users’ videos (Fig. 9). This creates the illusion of users

sitting behind objects.

Making granular edits to the environment (R3). In addition

to BlendScape’s inpainting and image-to-image for updating the
entire video-conferencing environment, we implemented a tech-

nique for making fine-grained revisions to the scene (Fig. 7). Using

the selection tool, users can circle areas of the scene and specify a

text-based prompt to remove content (e.g., to fix distorted areas) or

add visuals relevant to the meeting scenario (e.g., chairs to accom-

modate new meeting participants). To regenerate the area, Blend-

Scape uses the GLIGEN [41] inpainting model, which is trained to

generate cohesive results by considering the prompt, position, and

scale of the specified region in relation to its surroundings.

“makerspace”

“library”

“whiteboard”

“bookshelf”

Figure 7: Granular Editing Tools: To add or remove content

from the scene, users can outline a region and specify a text-

based prompt.

4.5 Implementation

Figure 8 shows BlendScape’s key components and system archi-

tecture. We implemented BlendScape’s user interface as a Unity

application integrated with Microsoft Teams. BlendScape receives

video streams from individual meeting participants via Microsoft

Teams’ NDI streaming capabilities.

Image generation models: To enable the environment gener-

ation techniques, we used open-source Stable Diffusion [53] and

ControlNet [65] models through the WebUI API
4
, hosted on a PC

with an AMD EPYC 7742 64-Core Processor and NVIDIA RTX

A6000 GPU. For inpainting, we used the Realistic Vision 2.0
5
Stable

Diffusion checkpoint which is fine-tuned for inpainting, further

guided by a ControlNet inpainting model. For image-to-image gen-
erations, we used Realistic Vision’s base checkpoint, guided by

ControlNet Depth and Canny models to preserve the spatial layout

and salient features of the image priors. Furthermore, we incorpo-

rated GLIGEN [41] to allow users to regenerate specific areas of

the scene. Similar to ControlNet [65] in its goal of guiding diffu-

sion models, GLIGEN makes region-specific edits based on textual

prompts and bounding box coordinates.

4
Stable Diffusion WebUI: https://github.com/AUTOMATIC1111/stable-diffusion-

webui, ControlNet Extension: https://github.com/Mikubill/sd-webui-controlnet

5
Realistic Vision 2.0: https://huggingface.co/SG161222/Realistic_Vision_V2.0

https://github.com/AUTOMATIC1111/stable-diffusion-webui
https://github.com/AUTOMATIC1111/stable-diffusion-webui
https://github.com/Mikubill/sd-webui-controlnet
https://huggingface.co/SG161222/Realistic_Vision_V2.0
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Object Segmentation
using PixelLib

Stream videos  via Teams 
NDI capabilities 

Person segmentation  
to extract user video

Inpainting via Stable Diffusion 
to  complete the video background

Microsoft Teams BlendScape (Unity client)

Granular Scene Editing
using GLIGEN

Prompt 
Enhancement

using GPT 3.5

Environment Generation
using Stable Diffusion

BlendScape (server)

Text-based 
prompt

Figure 8: BlendScape Components and Architecture. The BlendScape system consists of a Unity client that serves as the

main user interface. Via Microsoft Teams NDI capabilities, the Unity client receives and processes users’ videos by performing

person segmentation to separate the users from their video backgrounds and using inpainting techniques to fill the missing

areas in the backgrounds. The Unity client connects to two servers that run (1) Stable Diffusion image generation processes to

enable the environment generation techniques; (2) PixelLib for object segmentation to generate foreground objects, GPT-3.5 to

enhance users’ prompts with contextually-relevant keywords, and GLIGEN (grounded text-to-image generation model) for

re-generating small portions of the environment.

Using these models, the average generation times were 10s for

inpainted environments, 25s for image-to-image environments, and

20s for GLIGEN-enabled edits. This includes the time to enhance

users’ prompts with additional keywords (via GPT-3.5).

2.5D, layered scenes: The image-to-image generation mode

transforms the entire existing environment, while the inpainting
mode only takes users’ webcam backgrounds as input. To isolate

the correct scene elements for the image generation models, we

implemented BlendScape as a 2.5D scene in Unity with five 2D

layers staggered at different depths (Fig. 9): (1) foreground objects,

(2) users’ videos (separated from their video backgrounds), (3) users’
video backgrounds, (4) background masks (to preserve regions of

the video backgrounds), and (5) the generated environment. We

instrumented the Unity scene with multiple cameras that render

specific layers, enabling us to capture each layer separately. We use

orthographic cameras (i.e., cameras that do not perform perspective

rendering), so scene elements are rendered at a consistent scale

even when placed at different depths.

Environment segmentation:BlendScape uses the PixelLib [49]

semantic segmentationmodel to partition scene elements for hidden

surface removal. We segment users from their video backgrounds

via conventional computer vision techniques. While BlendScape

displays live video feeds of the segmented users, we generate static

environments using the first frame of users’ videos, due to limita-

tions with running Stable Diffusion at video rates.

Performing person segmentation leaves empty spaces in static

video backgrounds, as webcams fail to capture areas of the back-

ground that are occluded by the user. We used Stable Diffusion to

inpaint this area, simulating a continuous background (Fig. 8).

Environment 
layer

Person 
layer

Foreground
objects

Scene 
camera

Figure 9: 2.5D, Layered Scenes. BlendScape separates the

blended environment, users’ videos, and foreground objects

into layers and renders each layer with an orthographic cam-

era. This enables flexibly combining the layers as input to

image generation models to perform inpainting and image-
to-image transformations.

5 DEMONSTRATION OF ADDITIONAL

SCENARIOS

In this section, we illustrate the expressiveness of BlendScape’s

generative AI-enabled customization tools through prototyping

meeting environments for three distributed collaboration scenarios:

Design Brainstorming, Remote Education, and Storytime with Family.



BlendScape: Enabling End-User Customization of Video-Conferencing Environments UIST ’24, October 13–16, 2024, Pittsburgh, PA, USA

Earlier, we reviewed the range of video-conferencing environ-

ments implemented by prior systems to enhance distributed collab-

orators’ communication and sense of co-presence (Sec. 2.1). This

review surfaced ten environment design strategies, such as incorpo-

rating representations of task spaces, enabling proxemic metaphors,

or recording a history of collaborative activities. We demonstrate

how BlendScape’s composition techniques can be used to imple-

ment eight out of the ten design strategies (shown in bold in Fig. 2).

Our focus for BlendScape was enabling end-users to compose

custom environment visuals; as such, rendering spatial sound was

out of scope (Fig. 2B.iii). Currently, BlendScape’s 2D image gener-

ation techniques do not support rendering egocentric viewing per-

spectives to simulate face-to-face communication cues (Fig. 2B.v),

e.g., turning to face other users seated around a table [56]. This

could be achieved via 360
◦
panoramic or 3D environment genera-

tion approaches [40, 47].

5.1 Design Brainstorming

Recall our initial scenario from Sec. 3, where two interaction design-

ers are remotely collaborating to prototype mixed reality interfaces

(Fig. 3). They use BlendScape to render their videos in a unified

workspace that blends their physical and digital task spaces

into a single design studio. This allows them preview their mixed re-

ality designs and simulate face-to-face design critiques, by verbally

referring to and gesturing around hand-drawn sketches.

Implementation with BlendScape: We prototyped this sce-

nario using four live video feeds: twowebcam feeds of the designers,

an external camera feed capturing a physical desk with notebooks,

and a screen-capture of a tablet-based digital sketching applica-

tion (Fig. 3a). We used BlendScape’s inpainting mode to blend the

users’ videos and the task space feeds into seamless meeting envi-

ronments (Fig. 3b, c). Finding the ideal placement of the task space

feeds required some trial-and-error; for example, positioning the

physical sketches at the bottom of the screen occasionally rendered

them on the floor of the environment rather than on a desk.

a

“discussion; library”

c

b

d

“discussion; library”

Figure 10: Scenario 2: Remote Education. To establish room

layouts for seminar discussions, a professor restyles images

with small and large tables (a, b) to resemble a library setting

(c, d). This enables students to organize and place themselves

behind spatial landmarks in the scene (shown in blue).

5.2 Remote Education

Next, to demonstrate how BlendScape environments could support

spatial metaphors to facilitate conversations [28], we prototyped a

scenario involving a remote university course.

Scenario Description: A professor uses BlendScape to facili-

tate activities in their literature seminar. Before the seminar starts,

they establish the room layout for small group discussions: they

upload an image of a room with several tables and restyle it as a

“library” (Fig. 10a, c). Students assign themselves to groups by

organizing around the tables, leveraging proxemic metaphors

(Fig. 10c). To structure a large group discussion later in the seminar,

the professor restyles an image of a conference room (Fig. 10b, d).

To spotlight speakers, they use scaling metaphors by rendering

the students’ videos larger and at the head of the table.

Implementation with BlendScape: We selected two images

priors of event spaces that contained enough seating for 5 users

and were captured from similar forward-facing perspectives as the

users’ webcam videos, allowing us to realistically place users behind

furniture. We then used BlendScape’s image-to-image mode with

a Meeting Theme prompt of “library” to restyle the image priors.

5.3 Storytime with Family

Our final scenario is inspired by systems like Waazam [30] and

VideoPlay [20], which mediate playful social interactions between

children and family members.

“magic castle, ballroom”
Restyling (img2img)

“mushroom forest”
Restyling (img2img)

“mushroom forest”

When 
joining 
the 
call…

…and later during 
the storytellinga

b

c

d“storytelling”

e

Figure 11: Scenario 3: Storytime with Family. A grandmother

and her granddaughter use BlendScape to immerse them-

selves in a fairytale, using image-to-image techniques to

restyle their blended video backgrounds into a ballroom and

mushroom forest.

Scenario Description: A grandmother uses BlendScape to

craft a memorable storytelling experience with her granddaughter.

At the start of the call, a castle appears in the space between their

video backgrounds with a prompt of “storytelling” (Fig. 11b).
As the grandmother reads a fairy tale, she restyles the scenes to

set the theme of the meeting; the environment transforms into

magic ballroom and then a mushroom forest (Fig. 11c, e). These en-

vironments illustrating the story’s progression serve as an artifact

produced through their collaboration. A few weeks later, the

granddaughter wants to write a sequel to the fairy tale. They use
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BlendScape’s saved environments and video positions to replay a

history of their collaboration and extend their previous scenes.

Implementation with BlendScape: We used the inpaint-
ing mode to blend the users’ physical environments together. We

used image-to-image techniques with prompts of “magic castle,
ballroom” and “mushroom forest” to restyle the blended environ-
ments to reflect the events of the story.

6 EXPLORATORY STUDYWITH END-USERS

To investigate whether and how end-users would find value in us-

ing generative AI to personalize video-conferencing environments,

we conducted an exploratory study with 15 frequent users of tradi-

tional video-conferencing tools (e.g., Microsoft Teams, Zoom). Our

goals were to (1) surface participants’ preferences for customizing

meeting environments, including visual or layout characteristics

they aimed to achieve; (2) investigate to what extent BlendScape

allowed participants to express their design intentions.

The study was approved under the Institutional Review Board

(Ethics / IRB ID: #10764; Release and Compliance ID: #6755). We

conducted 1-hour study sessions remotely via Microsoft Teams.

Participants were compensated with $50 gift cards.

6.1 Participants & Recruitment

Advertising through internal mailing lists, we recruited individuals

from our organization who use video conferencing tools at least

three times per week. 15 individuals participated in our study (7

women, 8 men, majority in an age range of 25-34 years) and held a

variety of job roles: UX or Product Designer (5), UX Researcher (5),

Product Manager (3), Software Engineer (1), and Human Factors

Engineer (1). 7 out of 15 participants used image generation models

once a week or more frequently; the remaining 8 used them once

a month or less frequently. 14 of 15 participants were located in

North America and one was located in Asia.

6.2 Method

The study consisted of three environment composition tasks using

BlendScape and a post-task discussion. In the first two tasks, we

introduced participants to BlendScape’s inpainting and image-to-
image techniques, teaching them to generate environments based

on pre-defined prompts and assess the quality in a semi-structured

interview portion. This served as training for Task 3, where partici-

pants combined BlendScape’s composition tools to create a series

of environments for a research meeting scenario.

Set-up: We hosted BlendScape on a local machine and gave

participants remote control via Microsoft Teams screen-sharing.

For all tasks, we used pre-recorded videos to represent different

users (simulated as NDI streams via the OBS Studio NDI Integra-

tion Tools
6
), in order to achieve relatively consistent environment

generations across participants. We used a combination of real phys-

ical locations and virtual backgrounds to represent a diverse range

of image priors. For Task 3, we integrated participants’ webcam

feeds into BlendScape so they could experience being immersed

in different environments.

6
OBS Studio NDI Integration Tools: https://obsproject.com/forum/resources/obs-

ndi-newtek-ndi™-integration-into-obs-studio.528/

Task 1: Walkthrough & Comparison of Inpainting Tech-

niques (10 min). First, we explored blended environment designs

for a Vacation Planning scenario, where two friends are planning a

trip to Paris and generate meeting spaces to reflect landmarks they

want to visit. The facilitator illustrated how even basic input (i.e.,

providing prompts, changing the position and scale of the image

priors) can be used to steer the environment generation via Blend-

Scape’s inpainting techniques. Afterwards, we asked participants

to experiment with different prompts and layouts.

We then showed participants three environments that preserved

varying degrees of users’ video backgrounds (Fig. 15). We asked

participants to comment on which examples, if any, they could

envision using for the Vacation Planning scenario with minimal

changes. For the environments they could not envision using, we

asked them to explain 1-2 key issues.

Task 2: Walkthrough & Comparison of Image-to-Image

Techniques (10 min). Next, we introduced BlendScape’s image-to-
image generation techniques using a Game Stream scenario, where

a Minecraft player uses BlendScape to engage viewers their view-

ers. We started from an image of an arcade and used prompts to

restyle the image prior in a Minecraft theme. Then, we combined

inpainting and image-to-image techniques to blend the users’ we-

bcam backgrounds into the arcade image. Similarly to the first

task, we asked participants to compare four example environments

(Fig. 16), comment on which options they could envision using for

the scenario, and explain key issues they observed. We intentionally

included examples of roughly blended and cluttered environments

to provoke discussions around the limitations of BlendScape’s

composition techniques.

Task 3: Designing Environments for a Progressive Meeting

Scenario (15 min). To explore how participants could envision

adapting environment designs during a live meeting, we instructed

them to compose a series of scenes for a scenario involving writing

a research paper. First, we introduced a student character (using a

pre-recorded video) and brought the participants’ webcam feeds

into BlendScape, to play the role of another student.

We facilitated the task via the following prompts: (1) Design an

initial environment for two students to discuss the introduction

of the paper; (2) The professor joins the call to provide feedback

on the students’ ideas. How would you redesign the environment

to include them? (3) All three users are starting to feel stressed

with the paper deadline approaching. How would you redesign the

environment to support them?

Throughout the task, we asked the participants to think aloud to

describe their design goals and assess the quality of the generated

environments. We prompted them to use features that we had not

yet explored (e.g., adding or removing content).

Discussion (15 min). We ended with a semi-structured inter-

view around the potential value that generative AI-enabled custom

environments could provide to distributed collaboration scenarios.

We asked participants to comment on specific scenarios where they

could or could not envision using a system like BlendScape to

personalize meeting environments. Participants also reflected on

unexpected or surprising elements of the environments they gener-

ated in the previous tasks and how these aspects might support or

detract from collaborative processes.
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P4 P2P12

Task 3 Stress relief

P6 P8 P13

P15

P2

Research Paper scenario   |   brainstorming environments

Research Paper scenario   |   “de-stressing” environments

Figure 12: Participants’ environment designs for the Research Paper Scenario. To support the students’ and professor’s writing

process in our Task 3 scenario, participants adopted a variety of design strategies: blending their backgrounds into spaces

that support creativity (e.g., P6’s coffee shop and P8’s office space), creating themed environments according to the research

topic (e.g., P2’s chemistry lab), and removing content to create distraction-free spaces (P13). The participants envisioned both

playful and calming environments to “de-stress” the users as they approached their paper deadline, e.g., P4’s rainforest with

hammocks, P12’s stuffed animal-themed room, and P2 & P15’s indoor spaces with plants and natural lighting.

6.3 Data Collection & Analysis

For all study sessions, we collected audio transcripts & recordings,

screen recordings, and images of the environments generated with

BlendScape for later analysis. To analyze the environment char-

acteristics that participants aimed to achieve, we used a thematic

analysis approach [5]. One author reviewed all transcripts to create

an initial codebook, specifically paying attention to participants’

rationale for selecting an environment over another in the Task 1 &

2 comparison exercises and their revision strategies in Task 3. Two

authors then reviewed the codes in the context of specific examples

provided by the participants (including both quotes and images of

the environments) to extract higher-level themes. We used an affin-

ity diagramming approach [54] to analyze and aggregate themes

from the post-task discussions around the benefits and limitations

of BlendScape and future usage scenarios.

7 RESULTS

Figure 12 shows a sample of the environments generated by the

15 participants in our study. In this section, we first present four

themes around participants’ environment customization prefer-

ences (i.e., the visual and layout characteristics they aimed to

achieve). We then discuss the benefits of BlendScape’s compo-

sition techniques for expressive leverage and limitations with the

time and effort required to achieve optimal designs.

7.1 Environment Customization Preferences

When assessing the quality of BlendScape’s environments, partic-

ipants expressed preferences for (1) authentic over artificial spaces;
(2) both strong and subtle thematic elements, depending on the

meeting context; (3) structuring collaboration through spatial lay-

outs of users; (4) balancing the spatial-richness of environments.

Authentic environments were preferred over artificial, but

came with higher expectations for realism. A majority of par-

ticipants expressed that blending users’ physical surroundings into

a unified meeting space could promote co-presence while maintain-

ing familiar aspects of their individual environments (P2, P5-6, P9,

P11-14). P13 commented that “taking something personal to [them]

and tweaking it” would help remote collaborators to “trick [their]

minds to believe that [they’re] more in the same place.”

P6 cited another benefit of authentic backgrounds in creating a

higher degree of realism, as users’ videos appeared to be naturally

framed with appropriate furniture and lighting. In environments

constructed from virtual backgrounds, users sometimes appeared to

be “floating in space in front of an image... like a bad Photoshop job”

(P6). However, we observed a drawback to this increased realism:

participants more easily identified and were more critical of flaws in

how their own physical surroundings were blended (P1, P3-5, P7-8,

P10), e.g., warped areas or inconsistent room geometry (Fig. 13).

With fully artificial environments, some participants argued that

“there’s no pressure to do it well” (P8); “even if it was not as polished”

they would have a “higher tolerance” for mistakes (P3).

Varied preferences for strong vs. subtle visual ties to the

meeting context. A few participants appreciated having stylis-

tic elements that closely reflect the Meeting Activity and Theme
prompts they provided, e.g., a chemistry lab for the Research Pa-
per scenario in Task 3. These participants embraced the at-times

unrealistic visuals, arguing “that we don’t need the space to look

like traditional meeting spaces” (P7) which are “fixed and static...

not really imaginative” (P15). However, most participants preferred

simple and subtle theming to avoid distractions (P1, P7, P9, P13-15).

As P1 stated, environments should “add texture to the call without

pulling away from it.”
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Establishing user layouts through the environment was a

popular design strategy, but required manual staging. Many

participants placed users around spatial landmarks in the scene to

reflect specific collaborative activities (P1, P3-7, P9, P13-15). For ex-

ample, in the Research Paper scenario, P14 positioned the professor

in the lower left corner “to help structure the collaboration,” similar

to a picture-in-picture style for online lectures. P9 placed users in

chairs that were close together to “give [them] the most privacy”

while having a one-on-one discussion.

However, some participants observed that BlendScape did not

generate spaces to accommodate the existing layout of users in the

scene. P1 and P6 had to manually reposition users to seat them in

chairs, but they expected BlendScape to automatically generate

chairs and tables to frame the users. This points to a limitation

of how BlendScape blends environments after segmenting users

from their video backgrounds, which we further discuss in Sec. 8.2.

Need to balance the spatial richness of environments with

2D representations of users. Participants found that spatial prop-

erties of BlendScape’s environments (e.g., furniture layouts and

lighting aligned with the geometry of the space) increased realism

and lent themselves to structuring user layouts for collaboration

(as discussed in the previous theme). However, many participants

observed a juxtaposition between these spatially-rich environments

and the strictly 2D representation of users (P5-6, P8-10, P11, P13-14).

A few participants tried to tilt the users’ videos to “echo the [3D]

perspective in the room” (P14) and make it look like users were

facing each other (P9, P13). To make our hidden surface removal

technique (i.e., hiding floating heads behind foreground objects)

more convincing, P14 suggested to “accept the flatness” and use

environments where all furniture and users’ videos are facing for-

wards, in the style of Teams TogetherMode
1
.

7.2 Benefits and Limitations of Composition

Techniques

We discuss two additional themes around participants’ perceptions

of the benefits and challenges with using BlendScape to compose

meeting environments.

BlendScape provides expressive controls for creating en-

vironments that reflect the meeting context. Participants ap-

preciated the ability to rapidly generate and iterate on environment

designs with BlendScape, creating over 300 scenes across all three

study tasks. As P13 expressed, they exerted “such minimal effort”

to specify their intentions to BlendScape, and the system “does so

much” to translate their prompts into rich environments.

Participants’ design strategies utilized the full range of our mul-

timodal techniques to steer image generation. To prototype envi-

ronments for the Research Paper scenario, they added objects that

represent the users’ research topic (P2-3), removed objects to pro-

mote distraction-free collaboration (P10, P13, P14), and prompted

for environments they associate with creativity, e.g., parks and cof-

fee shops (P1, P5-9, P11-12, P15). To help “de-stress” the students

as their deadline approached, a popular strategy was transporting

the users to relaxing or playful locations, e.g., a beach, a rainforest,

and a stuffed animal-themed space (Fig. 12). Participants also used

the image-to-image mode to subtly restyle the existing scene (e.g.,

using prompts of “warm” and “relaxing”).

Challenges with distracting scene elements, time & effort

required to achieve the ideal design. To enable using a system

like BlendScape for professional contexts, participants expressed a

need to prevent unexpected elements “that could prove to be more

distracting than helpful” (P6). These ranged from minor mistakes

that “look good when you first glance at it” (P5) but become more

apparent upon closer inspection (e.g., two Eiffel Towers in Fig. 15),

to more significant cases where the generative AI models misun-

derstood participants’ intent (e.g., GLIGEN inserting a playground

slide rather than presentation slides for P9).

While each environment generation takes minimal effort, fix-

ing distracting elements required several iterations (P1, P3-5, P7,

P10, P12, P15). This impacted when and for which scenarios par-

ticipants envisioned using generative AI to personalize meeting

environments. For professional scenarios, some participants would

prefer to customize meetings spaces before, rather than during, live

calls (P1-3, P5), as the “the uncertainty of the visualizations might

detract” from work discussions (P11). Scenarios with time pressure

may also call for pre-meeting customizations: P12 expressed that

their “therapist charges by the minute, so I don’t want to spend

time doing this during a session.”

Distorted blending of backgrounds (P7) Unrealistic room geometry (P5)

Figure 13: Imperfections in Blended Environments: Blend-

Scape’s inpainting techniques can sometimes produce

warped or unrealistic room geometries when users’ video

backgrounds are very disparate (P7) or are captured from

different perspectives (P5).

8 DISCUSSION

The scenarios we prototyped with BlendScape (Sec. 5) and our

exploratory user study (Sec. 6) demonstrated our system’s ability

to enable a wide range of meeting environment designs. Overall,

all participants expressed they could envision using AI image gen-

eration techniques to customize video-conferencing environments

in the future, given further controls to prevent unrealistic visuals.

However, further research is required to operationalize similar

customization techniques in live video-conferencing systems and

understand how to effectively utilize them to achieve different
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collaboration goals. We discuss two avenues extending our work

with BlendScape: (1) studying the new affordances for distributed

collaboration that generative AI-enabled environment composition

techniques could enable; (2) technical improvements to address

limitations of current-day image generation models.

8.1 New Opportunities to Facilitate

Collaboration through Generative

AI-enabled Environment Customization

While using our classification of prior work’s environment design

strategies to guide the implementation of BlendScape (Sec. 2.1),

we observed new ways for these design strategies to manifest when

using generative AI. For example, BlendScape creates literal repre-

sentations of spatial landmarks (e.g., chairs to establish user layouts,

walls to designate boundaries) as opposed to abstract proxemic

metaphors in other tools (e.g., the Virtual Floor in OpenMic [28]).

Additionally, BlendScape enables ambient representations of task

spaces (e.g,. rendering physical sketches in the corner of the screen

in our Design Brainstorming scenario), as opposed to traditional

screen-sharing capabilities which fully direct users’ attention to-

wards shared content. In future work, we would find it interesting

to deploy BlendScape in live meeting scenarios to study the impact

of these different environment designs on users’ collaboration pro-

cesses, as compared to manually-crafted spaces from prior systems.

We also envision extensions to BlendScape’s implementation to

enable asymmetric environments and system-driven adaptations.

Per-user, rather than global, customization controls could allow

users to tailor meeting spaces to their personal needs (e.g., some

users may prefer distraction-free spaces, while others may focus

better with visual stimuli in the environment). However, these

asymmetric environments should be carefully designed to maintain

consistency across users when required for the collaboration sce-

nario (e.g., preserving user layouts for turn-taking). Incorporating

real-time summarization of meeting transcripts [9] could enable

making the environment a more active partner in collaboration, e.g.,

automatically adjusting user layouts to transition to new activities

or foreshadowing upcoming topics with related visuals.

8.2 Improving Upon BlendScape’s

Composition Techniques

We developed BlendScape to achieve a balance between usabil-

ity requirements for video-conferencing and technical constraints

of current image generation models. At the time of research, it

was infeasible to run image generation models at video rates; as

such, we generate environments from a single frame of users’ video

backgrounds. However, our approach still enables users to rapidly

update environments (via text-based prompts and direct manipu-

lation of video feeds) and render dynamic content by blending in

external camera feeds (as demonstrated in ourDesign Brainstorming
scenario, which incorporates a live feed of a physical workspace).

While we expect model performance and output quality to im-

prove in the future, we propose extensions to BlendScape to ad-

dress two key limitations that were surfaced in our study.

(1) BlendScape can produce environments that ignore

the number and existing placement of users in the scene.

Currently, BlendScape segments and removes users from their

video backgrounds before sending the backgrounds as input to

Stable Diffusion (Fig. 8). This was an intentional choice to avoid

generating unrealistic depictions of humans, which is a known

issue with image generation models. However, this can result in

environments that do not reflect the existing spatial layout of users

in the scene (e.g., not containing enough furniture to seat all users).

To achieve more “people-informed” compositions, we envision

using OpenPose models
7
, which perform human pose estimation,

to generate furniture layouts aligned with users in the scene. This

approach would likely require multiple passes: first, an inpainting
step to generate the environment, using input images with users

present to support the OpenPose model. A second inpainting pass

could detect and correct any distorted representations of people.

(2) The environment generation techniques can be over-

whelmed when users’ backgrounds and text-based prompts

are in contrast. Our study participants noticed that when users’

“backgrounds are so disparate, BlendScape really had trouble in-

tegrating them into a believable environment” (P13). We observed

this in particular with Task 2 (Fig. 16), where the four video streams

had semantically different backgrounds (e.g., medieval castle vs.

office space), with little relation to the prompt of Game Streaming.
To achieve more cohesive blends, one solution is to mask a larger

proportion of users’ video backgrounds that are relevant to the

meeting prompts, thereby prioritizing these backgrounds in the

resulting environment. This relevance metric could be computed

by comparing the similarity between the text-based prompts and

semantic descriptions of the video backgrounds.

9 LIMITATIONS

Lack of baseline comparison:Given that BlendScape introduces

a newway of composing video-conferencing environments through

real-time generative AI techniques, we first sought to understand

the potential value that the system could provide to users through

an exploratory study. The meeting scenarios we prototyped (Sec. 5)

provide an initial comparison of BlendScape to existing customiza-

tion suites (e.g., Together Mode, Ohyay
1
), as we demonstrated that

BlendScape can be used to implement a majority of design strate-

gies offered by these tools. While conducting a controlled baseline

comparison was out of scope for our work, it would be a promising

avenue for future research to understand requirements for manual

vs. automated authoring workflows.

Generalizability of results to live meeting scenarios: Some

aspects of our study design intended to ensure consistency across

participants and support their agency during the study may limit

the generalizability of our results to real meeting scenarios. In

Tasks 1 & 2, we used pre-recorded videos with static backgrounds

to generate similar environments for all participants, enabling us

to compare their feedback and extract themes. However, dynamic

video backgrounds could have elicited different design strategies

from our participants (e.g., incorporating physical context changes

to give collaborators awareness of each others’ background activi-

ties). In Task 3, most participants chose to use virtual rather than

real-world backgrounds, due to their physical surroundings being

uninteresting or to preserve privacy. We find it encouraging that

these participants still brainstormed a variety of scenarios where

7
ControlNet OpenPose: https://huggingface.co/lllyasviel/sd-controlnet-openpose
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incorporating authentic environments could provide value, e.g.,

to connect family members or encourage co-workers to “share

their lives in different ways” (P9). Finally, we simulated multi-user

scenarios via pre-recorded videos and prompted participants to

envision how generative AI techniques could be used to support

collaboration. Future studies with multiple participants should be

conducted to surface design strategies and challenges specific to

collaborative environment composition.

Study sample and novelty effects: Our participants’ insights

may not generalize to all future users of systems like BlendScape,

as we primarily studied with individuals from a UX design and prod-

uct management background. However, our participants’ diverse

experience using image generation models suggests that Blend-

Scape’s composition techniques are still accessible to novice users.

Considering the novelty of generative AI techniques, our studies

around BlendScape are subject to participant response bias [17].

We reduced potential bias by discussing both the benefits and limi-

tations of BlendScape with participants and probing them with

examples of poorly designed environments (e.g., in Fig. 16) to elicit

critiques and improvements to our system.

10 CONCLUSION

We presented BlendScape, a rendering and composition system

for video-conferencing participants to tailor meeting environments

to their collaboration contexts, by leveraging AI image generation

techniques. Through implementing scenarios and conducting eval-

uations with 15 end-users, we demonstrated a rich set of meeting

spaces that BlendScape can enable. Participants’ feedback was en-

couraging in that they could rapidly express their design intentions

with BlendScape and envisioned using similar techniques to facili-

tate meetings in the future. Based on their feedback, we proposed

improvements to BlendScape to mitigate challenges with incohe-

sive or distracting scene elements. Future studies around Blend-

Scape could explore the impact of its customization techniques

on users’ collaborative processes and system-driven approaches to

adapting environments (e.g., facilitating activity transitions with

visuals representing future topics).
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A APPENDIX

A.1 Additional Examples of Blended Environments

“building treehouse”

“design studio”, “xbox game controller”

“factory”“maker space”, “electronics prototyping” “M.C. Escher architecture”

“therapy session”, “calm”

“design new treehouse”, “brainstorming”

“brainstorming” “design studio”

“birthday party”

“wedding planning”, “traditional Chinese”

“brainstorming a vacation”, “asia” “vacation planning”, “Paris”

“learning about space”, GLIGEN whiteboard“storytelling”, “mushroom forest”

Figure 14: Examples of other generated meeting environments.
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A.2 GPT-aided Prompt Crafting for Image Generation

Crafting textual prompts that result in desired output with image generation models (e.g., Stable Diffusion) requires significant expertise,

and trial and error [4]. To ease the process of prompt creation for stable diffusion, BlendScape enhances users’ prompts by leveraging an

LLM (in this case, GPT-3.5) to augment users’ prompts with additional keywords related to the Meeting Activity and Meeting Theme. The
advantage of this approach is that it allows for the dynamic generation of keywords for image generation that suit the varying needs of

users in the meeting.

For example, if the meeting activity is ”brainstorming”, and the theme of the meeting is ”mushroom forest”, then the system crafts

a base prompt of Mushroom forest-themed environment for a brainstorming session. We then leverage single-shot prompting with

GPT-3.5 to enhance the base prompt with contextually-relevant details:

System Prompt to GPT: Your task is to help the user create a Stable Diffusion prompt to generate an environment
design. The user will specify an activity to occur in the environment and/or a theme for the space. You will
provide a list of 4-5 types of objects to put in the environment and 4-5 distinct characteristics that describe
the environment. The characteristics must be detailed and designed to generate visually appealing and cohesive
results. Here is an example for a brainstorming activity:
{

Objects: “whiteboards, plants, chairs, small tables”.

Environment Characteristics: “bright, open space, natural light, refreshing atmosphere, varied textures”
}

Subsequently, depending on the base prompt derived from the user’s input prompt, BlendScape crafts an input to GPT-3.5:

Input Prompt (constructed by BlendScape) to GPT-3.5: Provide a list of 4-5 types of objects to put in this
environment and 4-5 characteristics that describe this environment: Mushroom forest-themed environment for a
brainstorming session. Return the output as comma-separated strings in JSON format: {Objects: string, Environment
Characteristics: string}.

The results of such a prompting strategy to GPT results. in the following output.

{

Objects: “Mushrooms, Trees, Fairies, Moss-covered rocks, Lanterns”.

Environment Characteristics: “Enchanting, Magical, Misty, Whimsical, Serene”
}

Additionally, BlendScape adds a fixed set of terms - “highly detailed, intricate, sharp focus, smooth” that we found to improve

the results. In this case, the final prompt provided to Stable Diffusion is:

Mushroom forest-themed environment for a brainstorming session; Giant mushrooms, Fairy houses, Moss-covered rocks,
Glowing mushrooms, Enchanted flowers; Enchanting, Magical, Misty, Whimsical, Serene; highly detailed, intricate,
sharp focus, smooth.

Fig. 11 from our Storytelling with Family scenario shows the result of an image generation with such a prompt.
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A.3 User Study Scenarios

Task 1 images

Maximum background preservation Medium background preservation Minimum background preservationOriginal video backgrounds

Figure 15: Vacation Planning Scenario: Two friends use BlendScape to get into the spirit of planning a trip to Paris. In Task 1

of our user study, we asked participants to compare three pre-canned environments that preserve their video backgrounds to

different extents.

With background preservation

Task 2 images

Without background preservation With background preservation

Without background preservationLive video feedsImage prior – arcade

Shared content – game stream 

Figure 16: Game Stream Scenario: A gamer incorporates his Minecraft stream into a blended environment to make his viewers

feel more connected to the gameplay. Participants compared four versions of spaces generated via image-to-image techniques,

using two different priors and varying levels of background preservation.
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