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Adaptive Object Detection with Long- and Short-Term
Memory via YOLOE TextFree Model Collaboration
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Abstract: Autonomous robots often operate in semi-structured environments such as orchards and
warehouses, where unpredictable obstacles frequently appear. Conventional detectors relying on fixed
classes cannot adapt to unknown objects, while continual or reinforcement learning approaches are
impractical for robots with limited onboard resources. This paper presents a YOLOE-based Text-
Free collaborative detection system with long- and short-term memory management. The Text model
detects known objects, and the Free model is selectively activated for unknown objects, which are
stored in short-term memory while critical classes remain in long-term memory. Implemented on a
Jetson Orin Nano and tested in greenhouses, fields, and orchards, the system dynamically expanded
its detectable object set without offline retraining. Results confirm reliable real-time obstacle response
with reduced unnecessary stops, highlighting the framework’s adaptability and practical value for

autonomous robots in dynamic environments.
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[Fig. 1] The overview of the obstacle detection system
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[Fig. 2] Example of inference results before and after short-term
memory update: (a) Original image, (b) Result before Text
model update, (c) Result after Text model update
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[Table 1] Taxonomy of obstacle types and corresponding robot
behaviors

Type Category Examples | Memory | Robot action
Human adult, child Stop
Known Vehicl tract hicl
o | foide om0
(KO) s ’ ’ confirmed)
Structure rock
I bl 1l b
ENOTADE | Vegetation | £ M| (updated | Pass-through
Object . branches,
/ Minor , by server)|  /Slow
10) plantations
N(?n- Background sky, shadow, Ignore
Object / Scene background (no action)
(NO) features
Unkl,lown Detected by temporary tools, ST Stop (until
Object Free model newly observed | (updated confirmed)
(UO) items by itself)

[Table 2] Structure of the CSV file defining obstacle classes

Field Name Description Example
category | Type of obstacle among the five categories NO
object_id |Index number assigned to each class NO_000
object_name |Name of the class person
. |Timestamp when the entry was
date t . . 1756281666
update_time registered or updated in the CSV file
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[Table 3] Pseudocode of the Text-Free Object Detection Pipeline

procedure OBSTACLE HANDLING PIPELINE():
# 1. LiDAR-based obstacle detection
G < LiDAR.detect()
if G.exists = false:
return {found: false}

# 2. ROI setting (projecting LiDAR boundaries onto the camera)
ROI «+ project to camera(G)

# 3. Camera-based Text model detection
prompts — KO U UO U 10
preds < YOLOE TEXT(ROI, prompts)

valid <[]

for p in preds:
if p.conf< @_text: continue
if not depth_check(p.region): continue
mem_cls < MEMORY_ LOOKUP(p.label)
valid.append({label: p.label, class: mem cls})

# 4. Text model result evaluation
if valid is not empty:
p* < select_nearest(valid)
return {found: true, label: p*.label, class: p*.class}

# 5. Unknown object handling — Call Free model

hypo <= YOLOE_FREE(ROI)

if hypo.conf = @ _free and hypo.label not in {KO, UO, 10, NO}:
ST.upsert(label=hypo.label, timestamp=now())
return {found: true, label: hypo.label, class: "UO"}

# 6. Still unrecognized — Maintain stop
return {found: false}
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[Fig. 4] Experimental scenes: (a) RT100-TA in operation,
(b) surrounding environment of the robot
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[Fig. 6] Robot response to the presence and removal of LT
obstacles: (a) the robot stops due to a box on the path, (b) the
obstacle is removed by a person (also an LT obstacle), (c) the
robot resumes autonomous driving after removal
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[Fig. 7] Autonomous driving through an IO at low speed
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[Fig. 9] Driving result using LIDAR-based obstacle recognition
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[Table 4] Comparison of the number of collisions between the
existing method and the proposed method

Existing Proposed
.| Potential | method method
Iteration ..
collisions| Actual | Actual Number of Free
collisions | collisions | model calls (details)
20
1 3 2 0 (trailer truck, ticket
booth, billboard)
9
2 3 2 0
(block)
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