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Abstract

The rapid evolution of multimodal artificial intelligence—systems capable of simultaneously
processing and generating text, images, audio, and video in real time—represents one of the
most consequential technological developments of the current decade. This paper examines the
state of multimodal real-time capabilities across the four dominant Al research and deployment
organizations: Google DeepMind, Anthropic, OpenAl, and Microsoft. Drawing on current model
releases, published benchmarks, technical architecture disclosures, and roadmap signals as of
June 2026, we analyze not only where each organization stands today but the trajectory toward
increasingly capable unified perceptual systems. We argue that real-time multimodal rendering is
not merely a product feature, but an infrastructural imperative that will define competitive
advantage across industries including healthcare, defense, autonomous systems, financial
services, and human-computer interaction at scale. The paper concludes with a forward-looking
assessment of why organizations that fail to develop robust multimodal real-time capabilities face
systematic disadvantage in the emerging Al-native economy.

1. Introduction: The Shift from Unimodal to Omnisensory Al

For the first several decades of practical artificial intelligence, models were designed to operate
within a single modality: a vision system analyzed images but could not read, a language model
processed text but could not hear, and a speech recognition system transcribed audio but could
not reason about what it captured. This architectural specialization reflected both the state of
compute and the practical limitations of training data; unifying perceptual streams was
computationally prohibitive and theoretically underexplored.

The landscape has changed fundamentally. As of mid-2026, the leading language models from
all four major organizations have converged on a multimodal architecture as their baseline, not
as an add-on. The question is no longer whether a frontier model should handle text and images,
but how quickly and faithfully it can process streaming video, live audio, screen context, sensor
data, and spoken language simultaneously—and return meaningful output with latency measured
in milliseconds, not seconds.

This transition matters because it mirrors how human cognition actually works. Humans do not
switch perceptual channels serially; they integrate auditory, visual, tactile, and linguistic
information in continuous parallel streams. An Al system that can approximate this integration—
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and do so in real time—crosses a threshold from tool to collaborator. The implications cascade
across nearly every domain of economic activity.

KEY FINDING

Multimodal capabilities have become standard across all frontier models. The current competitive
battleground has shifted from 'can a model handle images?' to 'how low is latency, how rich are the
modalities, and how long can context be maintained across a live session?'

2. Defining the Capability Stack: What "Multimodal Real-Time"
Means

Before examining specific organizations, it is essential to establish a precise working definition of
multimodal real-time rendering as a technical capability stack. The field has matured sufficiently
that vague usage of these terms obscures important distinctions.

2.1 Modality Coverage

A multimodal system must handle at minimum: text (natural language input/output), images (both
static and document-embedded), and audio (speech recognition and generation). The current
frontier extends this to: live video streaming (frame-by-frame visual processing), real-time audio
with emotional context detection, screen context (the user's current application state), spatial and
depth data (for AR/VR and robotics), and sensor data (thermal, LiIDAR, biometric). The number
of modalities a system can process simultaneously and the fidelity of cross-modal reasoning
define its position on the capability continuum.

2.2 Real-Time Performance Thresholds

'Real-time' is not a binary quality but a performance envelope. In human conversational
interaction, response latency above 300ms begins to feel unnatural. For applications like surgical
Al assistance or autonomous vehicle navigation, the acceptable latency window collapses to 10—
50ms. For 2026, the emerging technical benchmarks are:

Sub-200ms voice-to-text-to-voice roundtrip for natural conversation. Sub-50ms visual detection
for safety-critical edge deployments. 1-2 frames per second sustained video processing for
contextual Al (as in Google's Gemini Live). Near-zero perceived latency for audio output via raw
PCM streaming rather than text-to-speech pipelines.

TECHNICAL BENCHMARK

According to MIT Technology Review's 2026 Al Predictions, key trends include improved real-time
performance with models achieving sub-200ms response times for many applications, making truly
natural voice interactions possible, alongside extended modality support as models begin processing
additional input types like sensor data, thermal imaging, and haptic feedback more natively.

2.3 Contextual Persistence

Perhaps most critically, real-time multimodal capability requires not merely instantaneous
processing but persistent contextual memory across a session. A system that can see and hear
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in real time but loses context after 30 seconds is categorically less capable than one that
maintains a continuous, growing model of the environment, conversation, and task state. The
competition to extend context windows—now reaching 1 million tokens at several major labs—is
directly related to the ambition to sustain multi-modal awareness across extended sessions.

3. Google DeepMind: Ecosystem Integration and the Astra
Paradigm

3.1 Current State: Gemini 3.1 and Project Astra

Google occupies a structurally distinct position in the multimodal Al race. Unlike its competitors,
Google does not merely deploy a model; it operates an ecosystem of services—Search, Gmail,
Google Docs, Android, Chrome, YouTube—that collectively constitute the most intimate digital
relationship most humans on Earth have with technology. This ecosystem gives Google both
unmatched training signal and an unmatched distribution channel for multimodal capabilities.

The current flagship, Gemini 3.1 Pro, is natively multimodal by architecture—trained from
inception on text, audio, image, and video data rather than having vision or audio bolted on. Its
Mixture-of-Experts architecture enables dynamic compute allocation: a complex visual reasoning
query receives more processing resources than a simple factual lookup, a design that makes
sustained real-time inference economically viable at scale.

MODEL SPECIFICATION

Gemini 3.1 Pro: 94.3% on GPQA Diamond benchmark; 1 million token context window; native
multimodal architecture (text, images, audio, video); scored 77.1% on ARC-AGI-2, described by
analysts as 'the most interesting result this cycle." Embedded in Google Search, Gmail, Docs,
Android, and YouTube. (Source: Artificial Analysis Leaderboard; Voxfor Analysis, May 2026)

Project Astra, developed within DeepMind, represents Google's most ambitious real-time
multimodal research program. Built atop Gemini 2.5 Pro (and now transitioning toward 3.x), Astra
processes unified streams of video, audio, and text with near-zero perceptible latency. Its
architecture employs cross-modal attention layers that align visual and linguistic features in real
time, alongside temporal encoders that track changes over time—object movement, dialogue
evolution, scene transitions.

3.2 Gemini Live and Real-Time Deployment

The commercial manifestation of Project Astra's research is Gemini Live, which as of May 2025
began rolling out camera and screen-sharing capabilities to all users on iOS and Android. This
feature allows users to conduct near-real-time verbal conversations with Gemini while
simultaneously streaming video from their smartphone camera or device screen, with the Al
providing contextually grounded responses with minimal delay.

Google's senior principal scientist at DeepMind, Oriol Vinyals, characterized the architecture's
competitive advantage directly: 'lt's a real-time voice interface and has extremely powerful
multimodal capabilities combined with long context. You could imagine how that combination will
feel very powerful.'
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TECHNICAL ARCHITECTURE

Project Astra / Gemini Live: Processes unified video, audio, and text streams with near-zero latency.
Audio output returns raw PCM data, bypassing text-to-speech latency. Video frames processed at
approximately 1 frame per second (FPS) for contextual understanding. Hybrid on-device vision
encoders with cloud-based language model pipeline preserves latency while enabling privacy-
sensitive deployments. Supports 24 languages with accent and emotion recognition. (Source:
MarkTechPost, Google Al Studio documentation, March 2026)

In March 2026, Google released Gemini 3.1 Flash Live in preview for developers—described as
the company's 'highest-quality audio and speech model to date." By natively processing
multimodal streams, this release provides a technical foundation for building voice-first agents
that move beyond the latency constraints of traditional turn-based LLM architectures, effectively
enabling a new class of applications that were architecturally impossible under prior systems.

3.3 Infrastructure Investment and Ironwood TPUs

Google's multimodal real-time ambitions are backed by an infrastructure investment program of
unusual scale. The company's Ironwood TPU chip, scaled to a full pod of 9,216 chips, delivers
42.5 exaflops of computing power—more than 24 times the capacity of the world's largest
supercomputer at its launch. Unlike general-purpose GPUs, Ironwood is designed specifically for
Al inference workloads, meaning the raw compute is purpose-built to run the kind of continuous
multimodal reasoning that real-time systems require. Google's TPU procurement budget reached
$9.8 billion in 2025 alone, up from $6.2 billion the prior year—a capital commitment that signals
the company views real-time Al inference as a core infrastructure obligation, not a marginal
product feature.

4. OpenAl: GPT-40 and the Omni Architecture

4.1 The Omni Breakthrough: GPT-40 and Its Successors

OpenAl's strategic inflection point on multimodal real-time capability was the release of GPT-40
('omni') in 2024, which represented a fundamental architectural departure from prior models.
Rather than chaining separate voice recognition, language, and text-to-speech modules, GPT-40
processes text, images, and audio within a single unified model. This matters because each chain
link in @ multi-model pipeline adds latency; removing those handoffs allows voice interactions that
feel genuinely conversational rather than mechanically sequential.

The current OpenAl lineup as of mid-2026 comprises a tiered architecture: GPT-5.4 Instant for
fast everyday tasks, GPT-5.4 Thinking for deep reasoning, GPT-5.4 Pro for maximum capability,
and GPT-5.4 mini for cost-efficient reasoning at scale. GPT-5 was launched in August 2025 with
a hybrid architecture combining symbolic reasoning and deep learning, followed by GPT-5.2 in
December 2025 and continued iteration in 2026.

MODEL SPECIFICATION

GPT-5.4 Pro: 92.8% on GPQA Diamond; 74.9% SWE-bench coding score; vision + audio + computer
use multimodal capability; $2.50/$15 per million tokens in/out. OpenAl's unified system uses an
internal router to direct prompts to optimal sub-models in real time. GPT-5.4 is 33% less likely to
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make errors in individual claims versus GPT-5.2, with 18% fewer errors in overall responses. (Source:
Pluralsight Al Model Guide; Startup Edition April 2026)

4.2 Agentic Real-Time Capabilities

OpenAl has framed its competitive positioning around reasoning and agentic capability as core
architectural features, not add-ons. The GPT-5 family integrates deep reasoning directly into its
multimodal processing pipeline, meaning the system can not only see, hear, and read
simultaneously, but can chain these perceptions into multi-step action sequences—browsing the
web, executing code, filling forms, and managing files—while maintaining awareness of the
underlying user context that motivated each action.

Critically, OpenAl's computer use capability allows the model to process visual screenshots of
any application and interact with it programmatically, effectively extending multimodal perception
to any software environment without requiring API integration. This transforms real-time visual
processing from a passive observation capability into an active intervention capability.

4.3 Microsoft Partnership and Azure Deployment

OpenAl's multimodal capabilities reach the enterprise market principally through its Microsoft
partnership, which embeds GPT-5 models into the Azure Al Foundry platform. According to
Microsoft's official Azure blog, customer experience teams can now deploy 'multi-turn, multimodal
agents that reason in real time, call tools, resolve tasks, and revert to humans with more helpful
context." This deployment pattern—where real-time multimodal Al operates as an always-on
service layer within enterprise workflows—represents the commercial maturation of what began
as research demonstrations.

5. Anthropic: Vision Depth, Safety, and the Trajectory Toward
Full Multimodality

5.1 Current Capabilities: Claude 4 Family and Opus 4.7/4.8

Anthropic has pursued a distinct trajectory in multimodal development—prioritizing depth and
reliability of visual reasoning over breadth of modality coverage in the early generations, while its
current roadmap indicates aggressive expansion toward audio, video, and real-time sensory
processing. Vision input was added to the Claude 3 family in March 2024, available across all
tiers from launch. The Claude 4 family, released in May 2025, was described as offering 'best-in-
class vision capabilities' with accurate interpretation of charts, diagrams, OCR from images, and
visual data integration into reasoning workflows.

BENCHMARK MILESTONE

Claude Opus 4.7 (April 2026): Vision resolution increased to 2,576px (~3.75 megapixels), raising
performance on the XBOW visual acuity benchmark from 54.5% to 98.5%. Coding benchmark score
of 70% on CursorBench, up from 58% for Opus 4.6. Anthropic Claude 4.6 Opus currently ranked first
on the Artificial Analysis intelligence leaderboard with particular strength in the Al agents category.
(Source: Claudelog; Artificial Analysis, 2026)
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Claude Sonnet 4.6, released February 2026, handles text, voice dictation, and image inputs
natively, and outputs text artifacts, diagrams, and TTS audio. Claude Opus 4.8, released May
2026, brought substantially better agentic judgment, approximately four times fewer overlooked
code flaws, more reliable tool calling, and improved multimodal reasoning across PDFs and
unstructured content.

5.2 Claude Design and Emerging Multimodal Workflows

In April 2026, Anthropic launched Claude Design, powered by the Claude Opus 4.7 vision model,
enabling users to create prototypes, slides, and one-pagers through natural language
conversation with the model. This represents a shift from multimodal perception (receiving visual
input) to multimodal generation (producing visual output)—a critical expansion of the capability
stack. The system interprets design briefs, understands visual composition requirements, and
generates structured visual outputs, demonstrating that Claude's vision capabilities are
increasingly bidirectional rather than input-only.

5.3 Roadmap: Toward Real-Time Sensory Input

Anthropic's roadmap signals a clear directional commitment to closing the gap with competitors
on real-time multimodal streaming. The research direction identified by the company involves
moving toward Al that processes video, audio, and real-time sensory input as naturally as it
currently processes text. This is described internally as part of the same trajectory that has
expanded context windows from 100,000 to 1 million tokens—each advance extending the
temporal and perceptual horizon of the model's awareness.

ROADMAP SIGNAL

Anthropic's research priorities, as identified in published documentation and roadmap disclosures,
indicate the direction toward 'Al that processes video, audio, and real-time sensory input as naturally
as it processes text'—positioning the next generation of Claude models to compete directly with
Google's Project Astra and OpenAl's real-time voice and vision capabilities. (Source: InkeyBit Claude
Roadmap Analysis, June 2026)

The June 2026 launch of Claude Fable 5 and the restricted Claude Mythos 5 further signal that
Anthropic is advancing capabilities that include stronger vision, scientific reasoning, and long-
context performance—with Fable 5 described as 'state-of-the-art on nearly all tested benchmarks
of Al capability, showing exceptional performance in software engineering, knowledge work,
vision, scientific research, and many other areas.'

6. Microsoft: The Platform Layer and Copilot Fabric

6.1 Strategic Positioning: Model-Agnostic Multimodal Infrastructure

Microsoft's approach to multimodal real-time Al differs fundamentally from its three main
competitors. Rather than building a single leading model, Microsoft has positioned itself as the
orchestration layer through which multiple multimodal models—GPT-5, Claude 4.x, internally
developed Phi models, and others—are deployed into enterprise workflows. This 'model-agnostic'
strategy, implemented under what Microsoft calls 'Copilot Fabric," allows enterprise customers to
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swap underlying models in real time based on task type, cost sensitivity, latency requirements,
and data governance constraints.

This is not a defensive hedge but a structural bet: if the best model changes every few months,
the organization that owns the deployment infrastructure retains enterprise relationships
regardless of which lab wins the model race. Windows, Office, Teams, GitHub, Azure, and
enterprise data repositories become the durable layer; the models beneath them are
commoditized inputs.

STRATEGIC ARCHITECTURE

Microsoft's 'Copilot Fabric' orchestration layer routes user queries in real time to the optimal
underlying model—GPT-5, Claude 4, or internal Phi-class SLMs—based on task requirements. The
system supports on-premise LLM deployment for sensitive data, giving enterprises the ability to
maintain multimodal Al capabilities within their own security perimeter. (Source: Windows Forum /
Windows News, May 2026)

6.2 Azure Al Foundry and Enterprise Multimodal Deployment

Azure Al Foundry, Microsoft's enterprise Al platform, now offers multimodal document processing
for RAG pipelines, form extraction for finance and procurement, video and audio content indexing
for enterprise knowledge bases, and real-time visual reasoning through GPT-5 integration. The
platform's Content Understanding service enables organizations to index and retrieve across text,
image, video, and audio content through a unified vector representation—effectively making entire
corporate media archives searchable through natural language queries.

Copilots and customer experience teams can now deploy, according to Microsoft's own Azure
documentation, 'multi-turn, multimodal agents that reason in real time, call tools, resolve tasks,
and revert to humans with more helpful context.'" The GPT-5-nano variant, embedded in
Microsoft's consumer products, provides 'ultra-low-latency' response for high-volume, cost-
sensitive deployments—optimized for the always-on ambient computing context where
multimodal inputs arrive continuously.

6.3 Build 2026 and the Multimodal Coding Frontier

At Microsoft Build 2026, the company previewed multimodal coding capabilities that combine
natural language, diagrams, and voice commands within GitHub Copilot—a development
environment that, when fully realized, allows developers to describe architectures verbally while
drawing system diagrams and having code generated in response to both channels
simultaneously. The Azure Al Content Safety service now includes real-time classifiers that detect
vulnerabilities in code at inference time, adding a safety dimension to multimodal real-time
processing that extends beyond user experience into software security.

7. Comparative Analysis: Where Each Organization Leads

As of June 2026, the four organizations occupy distinct positions on the multimodal real-time
capability spectrum. No single organization dominates every dimension; the landscape is
characterized by specialization and complementary strengths.
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Dimension

Real-Time Video

Google

Leader (Gemini

OpenAl

Strong (Computer

Anthropic

Advancing (4.7+

Microsoft

Via Azure / GPT-5

Streaming Live, Project Astra) Use, Vision) vision)

Live Audio Leader (Flash Live, Strong (GPT-40/5 In development Via Azure OpenAl
Processing PCM native) native audio)

Context Window 1M tokens 128K+ tokens 1M tokens (beta) Via models

Latency Profile Sub-50ms edge; Sub-200ms voice Advancing Model-dependent
~1fps video target routing
Ecosystem Leader (Search, Strong (Azure via API-first enterprise Leader (Office,
Integration Android, etc.) MSFT) Teams, Azure)
Vision Benchmark Leads MMMU Leads GPQA 98.5% XBOW (4.7) Via GPT-5
integration
Agentic Capability Agent Mode, Astra Strong (GPT-5 Leader (Agentic Copilot Fabric
tasks agents) rank #1) agents
Hardware $9.8B TPUs (2025) Stargate ($500B AWS/GCP cloud $50B+ Azure DC
Investment program) spend

Source: Atrtificial Analysis Leaderboard; Pluralsight Al Model Guide 2026; MarkTechPost; Azure
Blog; ClaudeLog; Voxfor Analysis. Data as of June 2026.

8. Why Multimodal Real-Time Capability Is Becoming Imperative

8.1 The Cognitive Symmetry Argument

The most fundamental argument for the importance of multimodal real-time capability is what we
might call the cognitive symmetry imperative: Al systems become categorically more valuable
when they can engage with the world the way humans do. Human decision-making integrates
visual observation, verbal communication, contextual memory, and emotional tone
simultaneously. A system that requires users to switch between text input, image upload, and
audio transcription—serially, across different interfaces—imposes cognitive friction that limits
adoption and constrains use cases to tasks where that friction is acceptable. Real-time multimodal
systems eliminate that friction, enabling Al to participate in the flow of human work rather than
interrupting it.

This is not a consumer experience enhancement—it is a capability unlock. Workflows that require
real-time perceptual integration simply cannot be automated by unimodal systems, regardless of
how sophisticated the underlying language model is. The case for multimodal real-time is, at its
core, a case for access to a qualitatively larger set of the world's most valuable problems.

8.2 Physical Al: Robotics and Autonomous Systems

The most concrete expression of the multimodal real-time imperative is in physical Al: robotic
systems, autonomous vehicles, and industrial automation platforms that must perceive, reason,
and act in the physical world with human-scale responsiveness. Multimodal vision-language-
action models allow robots to interpret their surroundings and select appropriate actions, much
like the human brain, according to Deloitte's 2026 Tech Trends analysis.
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At CVPR 2026, demonstrations included EgoMedAgent—a system using first-person audio and
video streams to support real-time clinical decision-making in healthcare environments—and
multiple robotics platforms demonstrating peer-to-peer learning where robots not only follow a
leader's trajectory but observe, imitate, and refine actions collaboratively. These systems would
be inoperative without sustained, low-latency multimodal processing; vision alone or language
alone is insufficient.

PHYSICAL Al PROJECTION

According to Arm's 2026 Technology Predictions: 'The next multi trillion-dollar Al platform will be
physical, with intelligence built into a new generation of autonomous machines and robots. Driven by
breakthroughs in multimodal models and more efficient training and inference pipelines, physical Al
systems will begin to scale, delivering new classes of autonomous machines that will reshape
industries including healthcare, manufacturing, transport, and mining.' (Source: Arm Newsroom,
December 2025)

8.3 Healthcare: Real-Time Clinical Decision Support

Healthcare represents one of the most consequential application domains for multimodal real-
time Al because it is one of the few settings where the cost of latency is measured in human
health outcomes. A system that can simultaneously process a patient's verbal description of
symptoms, review real-time imaging data, cross-reference medical history documents, and
monitor physiological sensor output represents a qualitative advance over any single-modality
clinical decision support tool.

Real-time Al-driven robotic surgery and autonomous imaging are already addressing staffing
shortages and enhancing precision in 2026, according to Deloitte's physical Al analysis. The
multimodal Al analytics market in healthcare and adjacent industries was valued at $32 billion in
2025 and is projected to reach $133 billion by 2030, on a 33% compound annual growth rate. The
driver of this growth is precisely the real-time integration of visual, textual, and sensor data that
unimodal systems cannot achieve.

8.4 Defense and Intelligence Applications

In defense and national security contexts, the real-time multimodal imperative takes on strategic
dimensions. Systems that can simultaneously process satellite imagery, radio intercepts,
battlefield sensor data, and natural language intelligence reports—and return actionable
synthesis within seconds—represent a categorical advantage over adversaries operating on
longer analytical cycles. The integration of these capabilities into autonomous platforms (drones,
surveillance systems, decision-support tools) further compresses the decision-action loop in ways
that transform the character of operational planning.

The defense technology sector has recognized this imperative: companies including Anduril,
Shield Al, and the major primes (Lockheed, Northrop, RTX) are actively investing in multimodal
Al integration into their products and platforms. The competitive dynamic here is particularly acute
because the latency tolerance in defense applications is among the lowest of any domain—sub-
50ms processing for visual detection tasks is not a product feature but an operational requirement.

8.5 Edge Al and the Decentralization of Multimodal Processing

A critical structural development enabling the broader deployment of real-time multimodal Al is
the rapid advance of edge computing infrastructure. The edge Al market—encompassing edge
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devices, gateways, and edge servers—is projected to grow from $24 billion in 2024 to $357 billion
by 2035, according to TechTarget analysis citing Roots Analysis projections. The driver is a
confluence of requirements: privacy regulations that prevent cloud data uploads, latency
requirements that cannot be satisfied by cloud round-trips of 120-300ms, and bandwidth
constraints in remote or bandwidth-limited deployments.

Edge multimodal processing achieves 10—100ms typical latency and sub-50ms for lightweight
detection workloads on current-generation Al accelerators (NVIDIA Jetson Thor, Hailo-10,
Qualcomm QCS8550). This edge deployment capability transforms real-time multimodal Al from
a cloud-dependent luxury into infrastructure that can be embedded in any environment where
physical sensing occurs—factories, hospitals, vehicles, weapons platforms, agricultural
equipment, and consumer devices.

8.6 Human-Computer Interaction: The Ambient Computing Transition

Beyond specific industry applications, the multimodal real-time imperative reflects a broader
transition in the paradigm of human-computer interaction. The current era of Al deployment—
where users switch between applications, copy and paste between contexts, and manually
construct queries that describe what they see—is a transitional phase, not a permanent state.
The ambient computing paradigm that Google, Apple, and Microsoft are all building toward
assumes an Al layer that is continuously contextually aware, processing the user's visual
environment, hearing their conversations, monitoring their document context, and proactively
surfacing relevant assistance.

This ambient layer requires precisely the capabilities under discussion: real-time audio
processing, continuous visual context interpretation, persistent memory across sessions, and
sub-200ms response latency. Organizations developing these capabilities today are building the
infrastructure for a computing paradigm that will be the default within five years; organizations
that treat multimodal real-time capability as a niche enhancement rather than a platform
requirement will find themselves architecturally excluded from the next generation of product
categories.

9. Forward-Looking Assessment: The 2026-2030 Trajectory

9.1 Toward Omnimodal Systems

The trajectory from 2021 (CLIP, DALL-E) through 2024 (GPT-40, Gemini) to 2026 (Project Astra,
Gemini Live, Claude 4.7/4.8 vision) describes a consistent arc: each generation expands the
modality coverage, reduces latency, and extends the contextual persistence of Al perception. The
2026-2030 period is expected to see the emergence of true omnimodal systems—models that
process sensor data, thermal imaging, haptic feedback, physiological signals, and spatial depth
data as naturally as current models process text.

Google's multimodal embedding model, Gemini Embedding 2 (March 2026), maps text, image,
video, audio, and documents into a single vector space—a technical milestone that enables
unified search and retrieval across any combination of media types. This architectural
development has downstream implications for every application that requires cross-modal
reasoning: asking 'find the clip where the CEO discusses Q3 margins' becomes a single query
against a unified index rather than a pipeline of specialized systems.
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9.2 The Agentic-First Application Paradigm

Experts across the industry predict the emergence of 'Agentic-First' applications by the end of
2026—products designed from inception around the assumption that an Al agent can perceive
the user's environment in real time, take actions across software systems, and maintain persistent
context across extended work sessions. This paradigm shift requires multimodal real-time
capability as a prerequisite; an agent that cannot see, hear, or observe the environment in which
it operates cannot be genuinely agentic.

The Agentic Al Foundation, formed under the Linux Foundation in December 2025 with
contributions from Anthropic's MCP, OpenAl's AGENTS.md, and Block's Goose framework,
represents the standardization layer for this paradigm. MCP crossed 97 million installs in March
2026, cementing its transition from experimental standard to foundational infrastructure. This
infrastructure matters for multimodal real-time Al because it provides the protocol through which
multimodal perception events can trigger tool calls, system actions, and cross-application
workflows—transforming sensing into doing.

9.3 Cost Reduction and Democratization

One of the most significant structural trends accelerating the multimodal real-time imperative is
the collapse in the cost of capability. Generative video cost per minute fell 91% in 18 months—
from approximately $4,500 to $400 per minute of output. Vision processing costs have followed
a similar curve. Competitive pressure among providers, combined with architectural efficiency
improvements, is making sophisticated multimodal capabilities accessible to smaller
organizations, startups, and individual developers who would have been priced out of the
capability entirely two years ago. This democratization effect accelerates adoption timelines and
enlarges the competitive surface on which multimodal real-time capabilities create value.

10. Conclusion

The development of multimodal real-time Al capability is not a feature competition among
technology companies—it is the construction of a new foundational layer of intelligence
infrastructure. The four organizations examined in this paper are investing at a scale and pace
that reflects a shared conviction: the ability to simultaneously process multiple perceptual
streams, respond within human conversational timescales, and maintain persistent context
across extended sessions will define the competitive and technological landscape of the next
decade.

Google occupies the leading position in real-time multimodal deployment through Project Astra
and Gemini Live, backed by Ironwood TPU infrastructure and unmatched ecosystem distribution.
OpenAl has built the most capable reasoning-multimodal integration in the GPT-5 family, with
deep Microsoft Azure deployment extending its reach into enterprise workflows. Anthropic has
demonstrated exceptional vision reasoning depth and is on a clear trajectory toward real-time
audio and video processing. Microsoft, operating as the orchestration layer, is building the
platform infrastructure that will make multimodal Al as ubiquitous in enterprise computing as the
database or the operating system.

The strategic imperative is clear. Across healthcare, defense, physical robotics, autonomous
vehicles, and ambient computing, the applications that will define the next generation of products
require multimodal real-time capability as a prerequisite, not an enhancement. Organizations—
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whether Al labs building models or enterprises deploying them—that fail to develop or adopt
robust multimodal real-time systems face not incremental disadvantage but categorical exclusion
from the most valuable problem spaces opening in the next five years.

The race is not to build the best text model. The race is to build the most capable perceiving,
reasoning, and acting system that can engage with the full sensory bandwidth of the physical and
digital worlds. That race is well underway.
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May 2026. Coverage of EgoMedAgent (real-time clinical decision support) and Miburi (real-time Al gesture and
expression generation).

Industry Sources

[5] Google Releases Gemini 3.1 Flash Live: A Real-Time Multimodal Voice Model for Low-Latency Audio, Video, and
Tool Use for Al Agents. MarkTechPost, March 26, 2026. Key technical detail: audio output via raw PCM
bypassing TTS latency; ~1 FPS video frame processing.

[6] Project Astra: The Deep Tech Behind Google's Real-Time Al Agent. Medium / Om Choudhary, May 2025.
Technical architecture: Gemini 2.5 Pro backbone, cross-modal attention layers, temporal encoders.

[7]1 GPT-5 in Azure Al Foundry: The Future of Al Apps and Agents Starts Here. Microsoft Azure Blog, January 2026.
Quotes on multi-turn multimodal agents reasoning in real time.

[8] Microsoft Copilot 2026: Agent-First Al Platform, Multi-Model, Azure & Data Centers. Windows Forum / Windows
News, May 2026. 'Copilot Fabric' architecture for model-agnostic real-time routing.

[9] The Best Al Models in 2026: What Model to Pick for Your Use Case. Pluralsight, 2026. Benchmark comparison
table across GPT-5, Gemini 2.5 Pro, Claude 4.5 Sonnet across MMMU, GPQA, and coding benchmarks.

[10] Anthropic Claude Model Release Timeline: Model Family Tree, Capability Evolution. hidekazu-konishi.com, June
11, 2026. Comprehensive version history including Claude Opus 4.7 (April 2026), 4.8 (May 2026), and Fable 5
(June 2026).

[11] Anthropic Launches Claude Opus 4.7 with Better Coding and 13% Vision Gain. Interesting Engineering, April
2026. Vision resolution to 2,576px; XBOW visual acuity benchmark from 54.5% to 98.5%.

[12] Google Gemini 4: The Most Anticipated Al Leap of 2026. Voxfor, May 2026. Ironwood TPU specs (42.5
exaflops); Google $9.8B TPU procurement; Claude 4.6 Opus Atrtificial Analysis leaderboard ranking.

[13] Al Video Processing Trends 2026: 9 Shifts That Move Real Numbers. Forasoft, June 2026. Al video analytics
market: $32B in 2025, $133B by 2030; generative video cost collapse from $4,500 to $400/min; edge inference
latency 10-100ms.

[14] 10 Al and Machine Learning Trends to Watch in 2026. TechTarget, November 2025. Edge Al market: $24B
(2024) to $357B (2035); TinyML for autonomous vehicles, healthcare wearables, and robotics.

[15] Multimodal Al: Complete Guide to Next-Gen Systems (2026). Ruh.ai, February 2026. MIT Technology Review
2026 Al Predictions: sub-200ms response times, extended modality support including sensor data and haptic
feedback.

[16] 20 Arm Tech Predictions for 2026 and Beyond. Arm Newsroom, December 2025. Physical Al and multimodal
models driving next multi-trillion dollar platform in autonomous machines.
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[17] Al Goes Physical: Navigating the Convergence of Al and Robotics. Deloitte Tech Trends 2026. Vision-language-
action (VLA) models; real-time physical world interaction; healthcare robotic surgery applications.

[18] Anthropic's 2026 Roadmap: What Claude Is Actually Building Next. InkeyBit, June 2026. Multimodal expansion
toward video, audio, and real-time sensory input as core roadmap direction.

[19] Anthropic Release Notes — June 2026. Releasebot.io, June 2026. Claude Fable 5 and Mythos 5 launch details:
state-of-the-art on nearly all tested benchmarks.

[20] New Al Model Releases News — April 2026. Blog.mean.ceo, April 2026. MCP crossed 97 million installs in
March 2026; Agentic Al Foundation under Linux Foundation.

[21] Microsoft Build 2026: Homegrown Al Models to Power GitHub Copilot. Windows News, June 2026. Multimodal
coding capabilities combining natural language, diagrams, and voice commands previewed.
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