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1. Understanding of the Video & Biological Model

Context: The BBC Earth video showcases the desert ant Cataglyphis navigating the Eastern Sahara—a feature-
less environment where temperatures reach 50°C, pheromone trails evaporate, and visual landmarks are nonex-
istent. The ant forages randomly for heat-exhausted prey but, upon finding food, returns in a “dead straight
line” to its nest.

Key Behavioral Observation: The video explicitly shows the ant “keeps stopping and making a turn.”
During these pirouettes, it checks the sun’s position and polarized light pattern. I identified and codified three
core behaviors:

1. Path Integration (Dead Reckoning): The ant measures distance between stops, continuously integrating
noisy velocity vectors to maintain a mental “home vector.”

2. Sun Compass (Global Orientation Cue): The periodic “stop and turn” behavior where the ant samples
global heading to correct accumulated drift.

3. Vector Homing: Computing the “shortest way home” using the internal path integrator to navigate directly
back to the nest.

Robotic Relevance: This strategy directly addresses warehouse AGV navigation where geometrically uniform
aisles cause Visual SLAM to fail (perceptual aliasing). Like the Sahara’s featureless dunes, identical corridors lack
distinctive landmarks. The ant’s solution—combining noisy odometry with sparse global corrections—enables
low-cost navigation without dense infrastructure (QR grids, guide rails). Ceiling beacons can serve as the “sun,”
providing periodic orientation resets.

2. Codified Algorithm and Architecture

I developed a simulation framework in Python (NumPy for vector calculus, PyQtGraph for real-time 3D visu-
alization) that strictly separates ground truth from belief state to quantify drift.

A. Stochastic Motion Model

Let ¢ denote the fixed step length. The agent’s perceived position updates through realistic odometry noise,
where heading error accumulates over time (simulating sensor drift rather than per-step noise):
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This accumulation causes €y to grow unbounded as O(t) without correction—a critical distinction from per-step
noise, which would average out.

B. Control Policy (Finite State Machine)

The agent operates through five states: IDLE — SEARCH — FOUND_FOOD — RETURN — STOP.
1. SEARCH (Correlated Random Walk): At each step, the agent perturbs its heading by A8 ~ N (0, oym)
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and moves forward by step length ¢:
0y =601 + N(0,00m), Az =~Lcos(0;), Ay=~Lsin(by)

This creates persistence in movement direction, enabling efficient area coverage without backtracking.
2. RETURN (Vector Homing): Upon food detection, compute the home vector using the estimated position:

ﬁhome = —Xest dhome = HﬁhomeH

If dhome < 7 (arrival threshold), declare success. If dpome > 10 m, abort (runaway protection). Otherwise,
step toward home: (Az, Ay) = £+ Thome/dhome-
3. Sun Compass (Intermittent Correction): Not a separate FSM state but an interrupt mechanism. During
SEARCH and RETURN, when cumulative distance di;ayeled > dscan, the agent:
« Samples true heading: 65,y = Oyrue + N (0, 0.5°)
« Resets accumulated error: €y < 0; distance counter: diayeled < 0

3. Experimental Validation (Results averaged over N = 10 independent trials per mode)

Mode 1—Blind (Estimated): The agent relied only on odometry and spiraled off course. When heading error
exceeded 90°, the estimated home vector pointed in the wrong direction, causing the agent to move away from
the home location.

Mode 2—Control (True): Using true position, the agent consistently returned home without error.

Mode 3—Sun Compass: Periodic heading corrections limited drift. Terminal error was reduced by 81%, and
the agent successfully reached home in 90% of trials.

Mode Strategy Success Rate | Mean Terminal Error
1. Blind (Est) Path Integration Only 10% 52.00 mm
2. Control Ground Truth (Baseline) 100% 2.96 mm
3. Sun Compass | PI + Scan (100 mm interval) 90% 9.72 mm

Figure 1: Simulation interface showing parameter controls (left), 3D View (top center), true vs. estimated position
and error vs steps(bottom).

Video Demos: Mode 1 (Blind—estimated): Watch | Mode 2 (Control—true): Watch | Mode 3 (Sun
compass): Watch

4. Discussion: Architecture & Scalability

I designed a modular, decoupled architecture where the physics engine, mathematical models, and agent logic
operate independently. This strict separation ensures high customizability and establishes an RL-compatible
simulation structure; the exposed state-action interfaces allow seamless integration with reinforcement learn-
ing algorithms to train optimized navigation policies supporting future research into autonomous warehouse
logistics.
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