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Chapter 1

Embodied Intelligence for Real-Time Robotic Decision Making

4-Phase
Hierarchical
Architecture

RAG-Augmented
Robot Memory

Analytical
Solver

MuJoCo Physics
Integration

77-Test
Coverage
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C++ spinal cord for microsecond hardware control, Python cortex for Al reasoning,
hippocampus for experiential memory, soma for simulation and APIs.

Every task attempt — success or failure — is embedded into a FAISS/numpy vector
database. Future tasks query this memory to retrieve relevant context, improving
success rate from 50% to 90% over 100 episodes.

Connects to any locally-running Ollama model (phi3, gwen2.5-coder, llama3, mistral,
codestral) via HTTP. LLM receives world-state text and returns JSON motor
coordinates.

Translates LLM-generated XYZ coordinates into 6 joint angles using geometric
analytic IK with gradient descent fallback. Achieves <15mm accuracy across the
workspace.

Full 3D physics simulation with robot.xml defining a 6-DOF arm plus gripper (7
actuators), and robot_mobile.xml extending to a full AGI mobile robot (9 actuators).

All 4 phases covered by unit, integration, and benchmark tests. Zero external
dependencies for the core stack beyond numpy.
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Chapter 2

Phase

Spinal Cord Hardware abstraction, real-time motor
control, safety monitoring

Python 3.12 VLA inference, perception, action parsing,
safety gating

Hippocampus Python 3.12 RAG memory, experience embedding,
vector retrieval

Python + XML  MuJoCo simulation, REST API, developer
SDK, Ul dashboard

EmbodiedOS — System Ar
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Chapter 3

nanespace ei dos { nanmespace spinal_cord {

struct Joi nt Conmand {
std::string joint_id;
doubl e target_position; /] radians or neters
doubl e target_vel ocity; /1 radls
doubl e max_t or que; /1 Nm

std::chrono:: mcroseconds deadline; // hard real-tine deadline

class Hardwarel nterface {

public:
virtual bool initialize() = 0;
virtual bool send_command(const Joi nt Conmand& cnd) = 0;
virtual SensorReading read_sensor(const std::string& id) = 0;
virtual void energency_stop() = O;

virtual std::string get_platformnane() const = 0;

cl ass Hardwar eAbstractionLayer {
public:
bool nove_linb(double x, double y, double z); // IKinternally
bool nobve_joint(const std::string& id, double pos, double vel = 0.5);
bool set_gripper(doubl e aperture); // 0.0=closed, 1.0=open
voi d energency_stop();
b

}} /1 namespace eidos::spinal_cord

class Real Ti reController {

public:
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usi ng Control Cal | back = std::functi on<voi d(doubl e dt_seconds) >;
explicit Real TineController(int frequency_hz = 1000); // 1kHz default
bool start(Control Cal |l back call back); // |aunches SCHED FI FO t hread on Li nux
voi d stop();
doubl e | oop_tine_us() const; /1 1ast measured execution tine
int mssed_deadlines() const; /'l nunmber of deadline violations
int frequency_hz() const;
private:
bool set realtime priority(); /1 sets SCHED FI FO on Li nux
IE

struct Limts {
doubl e max_velocity rad_ s = 3.14; /1 ~180 deg/s
doubl e max_t orque_nm = 50. 0;
doubl e max_tenperature_c = 80.0;
doubl e min_battery_v = 22.0;

i nt consecutive_errors = 5; /] triggers energency stop
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Chapter 4

model_name="mock" Rule-based heuristic. No GPU. Deterministic. Used in all 77 tests.
model _name="octo-small" 93M param model from rail-berkeley/octo. CPU-friendly. pip install octo.
model_name="openvla-7b" 7B param model. Requires ~14GB VRAM. Best quality.

fallback_to_mock=True If real model unavailable, falls back silently. Default True.

@lat acl ass
class ActionVector:
joi nt _del tas: np. ndarray # shape (6,) —position deltas in radians
gripper_action: float # 0. 0=cl ose, 1.0=open
confi dence: fl oat # 0.0-1.0
reasoni ng_text: str = # chai n-of -t hought from nodel

| at ency_ns: float = 0.0

@lat acl ass
class VLAConfi g:

nodel _nane: str = "octo-smal |" # or "openvla-7b" or "nock"

devi ce: str = "cpu" # "cpu" | "cuda" | "nps
use_nenory_context: bool True # inject RAG context into pronpt

fall back_t o_nock: bool Tr ue

ne = VLAEngi ne( VLAConfi g( nodel _nanme="nock"))

ne. | oad()

on = engine.infer(

i mge=canera_franeg, # np. ndarray HxW3 uint8
obj ective="pick up red bl ock",

menory_cont ext ="Previ ously succeeded at hei ght 0.12nf,
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@lat acl ass

cl ass PerceptionQut put :
rgb_framne: np.ndarray # (224, 224, 3) float32 normalized [0, 1]
dept h_map: Optional [np. ndarray] # (224,224) neters, or None
detected_objects: list[dict] # [{l abel, bbox, conf}] if YOLO active

scene_description: str # text for VLA pronpt augnentation

cl ass ActionParser:
def __init_ (
sel f,
m n_confi dence: fl oat 0. 4, # discard if VLA confidence below this

max_delta_rad: float 0.1, # clanp max j oi nt novenent per step

parse(sel f, action: ActionVector) -> HardwareCommand:
if action.confidence < self.m n_confidence:

return Hardwar eConmand( shoul d_execut e=Fal se,

deltas = np.clip(action.joint_deltas, -self.nmax_delta_rad, self.nmax_delta_rad)

return Hardwar eConmand(
joint_commands=[{"joint_id": name, "position_delta": d}
for nane, d in zip(self.joint_nanes, deltas)],
gri pper _aperture=action. gri pper_acti on,

shoul d_execut e=Tr ue,
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Chapter 5

@lat acl ass

cl ass Experi ence:
id: # UUl D aut o- gener at ed
ti mest anp: # uni x epoch
obj ecti ve: str # "pick up the red bl ock"
scene_descri ption: str # free-text environnent description
action_taken: di ct # raw j oi nt conmands i ssued
joint_positions_before: list[float]
joint_positions_after: [list[float]
out come: str # "grasped cleanly at height 0.12nf
success: bool
error_description: str "grip slipped —approach angle too steep"
rewar d: -1.0to 1.0
obj ect _t ype: str "cube" | "cylinder" | "sphere"
surface_type: str "wood" | "netal" | "rubber"
grasp_hei ght_m fl oat 0.12

approach_angl e_deg: fl oat

def to_text(self) -> str:

def to_dict(self) -> dict:

return {"id": str(self.id), "success": bool (self.success),

cl ass Spati al Encoder:

def encode(self, text: str) -> np.ndarray:
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if self._use_real nodel:
return self._nodel . encode(text, nornalize_enbeddi ngs=True)

return sel f._hash_encode(text) # deterministic fallback

_hash_encode(sel f, text: str) -> np.ndarray:

rng = np.random default _rng(seed=abs(hash(text)) % (2**31))
v = rng. standard_nor nal (384) . ast ype(np. f| oat 32)

return v / np.linalg.norniv)

cl ass Vect or | ndex:

add(sel f, experience_id: str, enbedding: np.ndarray):

search(sel f, query: np.ndarray, k: int) -> list[tuple[str, float]]:

save(sel f) -> None:

| oad(sel f) -> bool :

menory = MenorySysten()

menory. | og( Experi ence(
obj ective="pick up red cube",
success=Tr ue,
out cone="grasped at 0.12m hei ght",
obj ect _t ype="cube",
grasp_hei ght _nr0. 12,

rewar d=1. 0,

))

context = menory.query("pick up snall round object", k=3)

action = vla.infer(frame, objective, menory_context=context)
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Chapter 6

class MuJocoBri dge:

def __init__(self, nodel _path="./assets/robot.xm"):

| oad(sel f) -> bool:

step(self, joint_deltas: np.ndarray, gripper_action: float) -> SinulationState:

get _canera_frane(self) -> np.ndarray:

reset(self) -> SinulationState:

Actuator type position-controlled (not velocity/torque) — enables direct joint-angle
commands from IK solver

Joint order jO=base_yaw, j1=shoulder_pitch, j2=elbow_pitch, j3=wrist_roll,
j4=wrist_pitch, j5=wrist_yaw

ctrl[6] = gripper Left finger fl_joint, coupled to fr_joint via — both fingers move symmetrically
Integrator RK4 (4th-order Runge-Kutta) for stability
Timestep 0.002s (500 Hz physics, smooth motion)

Sensors s_j0..s_j5 jointpos, sv_jO..sv_j1 jointvel, gripper_pos framepos, block pos
framepos

<!-- assets/robot.xm (excerpt) -->

<act uat or >
<l-- ctrl[0..5] = armjoints jO-j5 (position-controlled) -->
<position name="act_j 0" joint="j0" ctrlrange="-3.14 3.14" kp="150" kv="15"/>
<position nanme="act_j 1" joint="j1" ctrlrange="-1.57 1.57" kp="150" kv="15"/>
<position name="act_j2" joint="j2" ctrlrange="-1.57 1.57" kp="120" kv="12"/>
<posi tion nanme="act_j3" joint="j3" ctrlrange="-3.14 3.14" kp="60" kv="6"/>
<position name="act_j4" joint="j4" ctrlrange="-1.57 1.57" kp="60" kv="6"/>
<posi tion nanme="act_j5" joint="j5" ctrlrange="-3.14 3.14" kp="40" kv="4"/>
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<l-- ctrl[6] = gripper: 0.000=closed, 0.038=fully open -->
<position name="act_grip" joint="fl _joint" ctrlrange="0 0.038" kp="300" kv="20"/>
</ act uat or >
<l-- Symmetry: right finger mrrors left exactly -->
<equal i ty>
<joint nanme="grip_couple" joint1l="fl joint" joint2="fr_joint"
pol ycoef="0 1 0 0 0"/>

</equal i ty>

ctrl[0] = wheel_left velocity-controlled, -3 to +3 rad/s

ctrl[1] = wheel_right velocity-controlled, differential steering

ctrl[2..7] = arm same as stationary arm

ctrl[8] = gripper position-controlled
Total 9 actuators on one robot

Mobile base 2-wheel differential drive + passive caster, chassis mass=3kg

GET / # heal th check
GET /status # VLA nodel, nenory stats, inference count
/ cogni tivelinfer # run VLA inference with nenory context
/ menory/ | og # 1l og a task experience
/ menor y/ query # semantic search over past experiences
/ menory/ stats # total experiences, success rate, vectors
/ har dwar e/ nove-j oi nt # command one j oi nt
/ har dwar e/ gr i pper # set gripper aperture
/ har dwar e/ enmer gency- st op
GET /hardware/joints # list available joints

GET /ui # serves the full dashboard HTM.

python start_server. py

robot = Enbodi edOSCient() # enbedded node —all |ayers in-process
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result = robot.do("pick up the red bl ock")

.gripper(1.0) # open
. gripper (0.0) # cl ose
.nmove_joint("joint_2", 0.5)

.nmove_to(0.35, 0.0, 0.65) # IKinternally

remenber ("pi ck up cube", success=True, grasp_hei ght_me0. 12)

robot.recall ("pick up snall object", k=3)

enmer gency_stop()

EmbodiedOS v0.1.0 | github.com/embodied-os | Page 14
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Chapter 7

SYSTEM PROWPT = """You are the cognitive core of an Enbodi ed Al GCS.
You receive the current state of the physical world and output notor commands.
Qut put ONLY a valid JSON obj ect —no markdown, no expl anati on outsi de JSON.

target _z must be >= 0.53 (table surface) to avoid collision.

class O | amaBri dge:
def __init__ (self, nodel ="qwen2.5-coder: 7b", tineout=10.0):

sel f. _check_connection() # auto-detects avail abl e nodel s

deci de(

sel f,

task_command: str,

bl ock_pos: np.ndarray, #[x, y, z] world franme
gri pper_pos: np.ndarray,

current _phase: str = "reach",

) -> Robot Deci si on:

"target_x": 0. 50, /1 float —X world coordi nate (neters)
"target _y": - 0. 04, /1 float —Y world coordinate
"target_z": 0. 62, /I float —Z (height, >= 0.53)
"close_gripper": false, /'l bool ean —true=grasp

"action_phase": "reach", /'l "reach|grasp|lift]|carry|place|rel ease"
"reasoni ng": "movi ng above bl ock before descent"”,

"confi dence": 0. 88 /1l float 0.0-1.0

deci sion = bridge.decide("pick up red bl ock", block_pos, gripper_pos)

ik_result = ik_solver.solve(decision.target_pos())
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data.ctrl[:6] ik_result.joint_angles

Embodied Intelligence for Real-Time Robotic Decision Making

data.ctrl[6] 0.038 if decision.close_gripper else 0.002

Model Size
phi3:latest

gwenz2.5-coder:7b

llama3:latest
mistral:latest
deepseek-coder-v2
codestral:latest

dolphin-mistral

EmbodiedOS v0.1.0 | github.com/embodied-os | 2025

CPU Latency

~490ms
~395ms
~1120ms
~2150ms

~370ms

GPU Latency

Best For
Real-time robotics (recommended)

JSON accuracy — best for
structured output

General reasoning quality
Balanced speed/quality
Complex manipulation planning
Highest capability, slowest

Uncensored reasoning
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Chapter 8

L0 =0.093m arm_base - shoulder joint vertical offset
L1 =0.200m upper arm (link1 capsule, goes vertically)
L2 =0.330m forearm (link2 + link3 + link4, goes horizontally)

ARM_BASE Z 0.545m — world Z height of arm_base body

def _analytic(self, p: np.ndarray, config: str) -> | KResult:

pX, py, pz = p # target in armbase franme

jO = arctan2(py, px)

sqrt (px"2 + py”2) # radi al distance
pz - LO # vertical from shoul der

sqrt(rn2 + z"2) # shoul der-to-wrist distance

cos_j2 = (d*2 - L1722 - L272) / (2 * L1 * L2)

j2 = -arccos(cos_j 2) # el bow_up configuration

al pha arctan2(z, r)
bet a arcsin(L2 * sin(|j2]) / d)
j1 al pha + beta

ja=-(1+j2

return | KResult(angles=[j0,j1,j2,0,j4,0],

_gradient(self, p: np.ndarray, seed: np.ndarray) -> |KResult:
angl es = seed. copy()
for i in range(self.max_iter):

fk = self._fk(angles) # forward ki nematics

err = norm(p - fk)

EmbodiedOS v0.1.0 | github.com/embodied-os | 2025 Page 17



EmbodiedOS — Research Report Embodied Intelligence for Real-Time Robotic Decision Making

if err <self.tol_m break

J = nunerical _jacobi an(angl es, eps=1le-4)

Jdls =J.T @inv(J @J. T + 0.005*"2 * [|3)
angles += Ir * J dls @(p - fk)

angles = clip(angles, joint_limts)

Ir *= 0.998 # adaptive learning rate decay

return | KResul t (best _angl es, success=(best_err < tol),
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Chapter 9

Phase Description

Phase 1 Arm moves to safe home position. All joints at rest angles.

Phase 2 EmbodiedOS drives arm above the red block (approach from
above).

Phase 3 DESCEND 168-264 Arm descends toward grasp height.

Phase 4 GRASP 264-312 Gripper closes. GraspDetected when block within 8cm of gripper.
Phase 5 LIFT 312-390 Arm lifts block off table surface.

Phase 6 CARRY 390-480 Arm swings toward green target zone.

Phase 7 PLACE 480-540 Arm lowers block onto target zone.

Phase 8 RELEASE 540-600 Gripper opens. TaskSuccess when block within 10cm of target.

wi th muj oco. vi ewer. | aunch_passi ve(nodel , data) as viewer:
for step in range( TOTAL_STEPS):
frac = step / TOTAL_STEPS

joint_targets, gripper_open = planner.get_target(frac)

if step %25 == 0O:
j _deltas, g_action, conf, latency = query_vl a(

vl a, perception, parser, nenory, canera_frane, objective)

joint_targets += np.clip(j_deltas * 0.10, -0.05, 0.05)

for i in range(6): data.ctrl[i] = float(joint_targets[i])
data.ctrl[6] = 0.036 if gripper_open el se 0.003
muj oco. nj _st ep(nodel, data)

vi ewer . sync()

i f check_grasp_success(nujoco, nodel, data):

menory. | og( Experi ence(obj ective, success=True,
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Chapter 10

Mean (ms) P95 (ms) Std (ms) Real-time?
Mock VLA (no LLM) . . . YIES
phi3:latest (Ollama est.) . GPU only
gwen2.5-coder:7b (Ollama est.) . GPU only
llama3:latest (Ollama est.) . GPU only

mistral:latest (Ollama est.) . GPU only

Experiment 1: Cognitive Decision Latency by Model
EmbodiedOS — Offline LLM + IK Pipeline | n=50 trials each

| 4@ P95 latency
4000 == Real-time threshold (100ms)
3500 1
L 2

3000 1
m
£
T 2500
>
o
c
3
© 2000
-
c
@
= 1500

« All models meet
1000 + real-time for robotics
(when on QU) *
52Ins 49T5
Mock VLA phi3 qwen2.5 llama3 mistral deepseek codestral
(no LLM) 2.2GB 4.7GB 4.7GB 4.4GB 8.9GB 12GB

Episodes 1-10 40% success (cold start — no memory)
Episodes 51-60 ~85% success (growing memory context)
Episodes 91-100 100% success (full memory-augmented)

Final rolling SR 90% (20-episode rolling window)

Improvement +15% over 100 episodes
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Memory size 200 experiences, 200 indexed vectors

Experiment 2: RAG Memory Learning Curve
EmbodiedOS — 100 Episodes, 5 Task Types, Autonomous Adaptation

100 A

[=)] @
o o

Success Rate (%)
ey
o

20 A Rolling SR (20-ep window)
Cumulative SR
Baseline (50%)

Memory Size
(experiences)

Episode

RAG Memory System — Task Performance Analysis

Per-Task Success Rate Memory Context Impact
Cold Start vs Memory-Augmented on Task Success

= Episodes 1-20 (cold start)

100 Episodes 81-100 (warm) 100

84.0%

80 1 80

60 q 60
40 1 40
20 20
0.0%
- T T o—

cube cylinder block sphere disk No Memory With Memory
Context Context

Success Rate (%)
Success Rate (%)

o

Condition IK Error (mm) atency (m Result

baseline
block right
block left
block far

block close
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elevated block
small block

large block

angled right

max stretch

Embodied Intelligence for Real-Time Robotic Decision Making

Experiment 3: Generalization Test — 10/10 Conditions Passed
EmbodiedOS adapts to varied block positions, sizes, and distances

IK Error per Condition

(green=success, red=fail)

LLM Latency per Condition
(lama3:latest)

—==- 15mm threshold 500ms threshold
max stretch 10.6mm I max stretch
1
1
angled right 14.6mm angled right
1
large block 9.2mm i large block
1
small block 11.6mm | small block
1
I
elevated block 11.9mm : elevated block
1
block close 13, Smwli block close
1
1
block far 10.4mm | block far
1
block left 13.2mm i block left
1
block right 13.2mm : block right
1
1
baseline 10.6mm | baseline
i
0 2 4 6 8 10 12 14 0 100 200 300 400 500
IK Solve Error (mm) LLM Decision Latency (ms)
IK Solver Performance — EmbodiedOS Analytical + Gradient Descent
IK Error Distribution IK Solution Method IK Workspace Coverage
(40/40 targets solved) per Target P! N 9
(top-down view) 30
15mm threshold 40 40
14
35 0.4 25
_ 12
€ 30
0.2
E10 20
5 L2 - £
i} 5 £ =
a8 3 50 £ o0 A 155
2 © ]
G 6 =
8 = -02 10
X
4 10
_0.4 A rmbase 5
2 5 i Max reach (0.5m)
Min reach (0.18m)
0 0 - - 0
0 10 20 30 40 gradient 04 —02 XO'O 02 04
Target (sorted by error) m
EmbodiedOS Pipeline Performance — Offline, Zero Cloud Dependency
Pipeline Stage Latency Pipeline Throughput
(mock VLA, no LLM) (decisions per second)
100 57.0 30 Hz (robotics std)
----- 10 Hz (minimum)
50
80 _
N
z
. > 40
[ul
£ 60 g
& 100ms real-time limit g 30
= =
o [
=
S 40 s
2 20
o]
1
o
17.6
20 14.2ms ms T
5.4
1.9 2.0 2.5
2.1ms 0.35ms 0.83ms 0.12ms —— 0.5
T T T . T T 0 T T T T e T
Perception Memory VLA IK Action Total Mock VLA phi3 qwen2.5 llama3 mistral  codestral
Query Inference Solver Parse (no LLM) 2.2GB 4.7GB 4.7GB 4.4GB 12GB
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Chapter 11

|EmbodiedOS Reality Test — Phase 1: HOME POSITION]

[SYS] Embodied0S v0.1.8 initialized

[INFO] VLA Engine loadec

[INFO] M ory system ready — 1 prior experiences 1
[INFO] ’hysics model loaded — 15 joints,

[0K] 0 viewer opened http:
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[Embodiedos Reality Test — Phase 4: GRASP DETECTEDJ

Gripper closed — block acquired

[SYS]

GRASPED

[0K] GRASP DETECTED — block is in gripper

[INFO] Bloc

k Z: 0.565m Grippe

[0K] [Memory] Grasp experience 1

[INFO] [VLA#11] conf=0.750 latency=0.08m

EmbodiedOS Reality Test — Phase 5: LIFTING BLOCK]

Carrying block to target zone (green marker)

[SYS] Phase

[INFO] Block

[INFO]
[INFO]

[0K]

EmbodiedOS v0.1.0 | github.com/embodied-os | 2025

GRASPED

5: LIFTING block
lifted: 7=0.80m (was ©.56m on table)
Reasoning: lift confirmed, carrying to target

ylved: err=11.2m method=gradient iter=4

Task=RUNNING Memory=2 exp
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EmbodiedOS Reality Test — Phase 8: TASK SUCCESS]

Block placed at target zone — gripperreleased SIOCIGONTARGER]

TASK COMPLETE

[0K] ASK SUCCESS — block placed at target zone!
[INFO]

[0K]

[INFO]

[SYS]

EmbodiedOS — Full AGI Mobile Robot (robot_mobile.xml)

9 Actuators: 2 wheels + 6-DOF arm + gripper | LLM plans navigation + manipulation

) )

PHASE 1 PHASE 2 PHASE 3
NAVIGATE REACH GRASP

-

4]( TARGET

NAVIGATE TO TABLE
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Chapter 12

EmbodiedOS — System Architecture

Offline Embodied AGI Pipeline K Har

[ Perception

Phase 1 [ Camera
Spinal Cord
RGB 224224 PerceptionPipeline

rid staf jointdetras joint angles
% VLA Engine 0 IK Solver A - [ Action Parser

[ Local LLM
Safety Gate

ActionVeetor(6) Analytic + Grad  memon
contex]

Ollama API

ce) 0 RAG Query

0 Memory o
[ Vector Index Store
JSONL append-only

Top-k cosine sim

FAISS / numpy

o
experiencapatialincoder

[ MujoCo [J Robot Arm
@ HAL Physics 6-DOF 0 REST API
105 + gripper. /ui dashboard

C++ Hardware robot.xml
Abstraction

Perception (Phase 1) Cognitive / VLA (Phase 2) Memory / RAG (Phase 3) Hardware / Sim (Phase 4)

EmbodiedOS — Sim-to-Real Transfer Pipeline

al deployment on any robot platform

Physical Robot
sim data Domain Randomization servo + encoders

MujoCo Simulator
-— 3

Varied physics params

robot.xml physics
| Raspberry Pi

v

o
experiences RAG Memory TO%"; edge deployment
platforn

EmbodiedOS Core

100+ task episodes
ROS2 Bridge

] ]
v v

Python pipeline

topic publisher

Test Suite results Policy Validation
77 tests passing Exp 1-3 benchmarks Mobile AGI
full body robot

REAL

sim-to-train transfer
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Chapter 13

cd Enbodi edOS_upgr aded

python run_tests. py

pip install fastapi uvicorn

pyt hon start_server. py

pyt hon run_experi nents. py

pip install nmujoco

python final _reality_test.py

python final reality test.py --steps 800 --speed 2.0

python final _reality_test.py --xm assets/robot_nobile.xm

python final _reality test.py --nodel gwen2.5-coder:7b

from Il |l mbridge.ollanma_bridge inport Ol amaBridge
bridge = Ol amaBri dge(nodel ="| | ama3: | atest")
deci si on = bridge. decide("pick up red bl ock",
bl ock_pos=[ 0. 50, -0.04, 0.56],
gri pper_pos=[0.30, 0.0, 0.70],
)
print(decision.target_pos()) # [0.50, -0.04, 0.62]
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print (deci sion

Embodied Intelligence for Real-Time Robotic Decision Making

# "nmovi ng above bl ock"

numpy
pyyaml|

fastapi + uvicorn
mujoco
sentence-transformers
faiss-cpu

matplotlib

requests

octo (optional)

torch + transformers

EmbodiedOS v0.1.0 | github.com/embodied-os |

Core math. Required. Already installed.

Config loading. Required. Already installed.

REST API server. pip install fastapi uvicorn

3D physics simulation. pip install mujoco

Semantic RAG memory. pip install sentence-transformers
Fast vector search. pip install faiss-cpu

Graph generation. pip install matplotlib

Ollama HTTP calls. pip install requests

Real VLA model. pip install octo

OpenVLA support. pip install torch transformers
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Chapter 14

Embodied Intelligence for Real-Time Robotic Decision Making

Offline-first
viable

Memory
dramatically
helps

IK bridges LLM

to hardware

Generalization

works

4-phase
hierarchy
separates

concerns

The mock VLA + IK pipeline achieves 0.83ms mean latency (>1200 Hz), far exceeding
real-time requirements. With phi3 on GPU (~35ms), the full LLM pipeline also meets
30Hz robotics standards.

RAG-augmented performance improves from 50% to 90% success rate over 100
episodes. Memory context injection provides a significant boost over no-context
baseline.

The analytical IK solver achieves <15mm error across 96% of workspace targets,
enabling LLM-generated XYZ coordinates to directly drive physical joints.

10/10 generalization conditions passed — the LLM adapts dynamically to varied block
positions, sizes, and distances without reprogramming.

C++ for microsecond hardware, Python for Al reasoning, JSONL+numpy for memory,
FastAPI for developer access — each language used where it excels.
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