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Abstract

The Research Team (AUAVL/NASRDA & FUTO) addresses the "Bit-Transport Deconfliction Disconnect"
inherent  in  low-altitude  Unmanned  Traffic  Management  (UTM)  operations  below  400  feet  AGL.  By
treating  UTM  as  an  integrated  Joint  Communication,  Sensing,  and  Intelligence  (JCSI)  optimization
problem,  the  investigators  couple  multi-agent  trajectory  optimization  loops  directly  with  physical
network propagation profiles from the NigComSat-1R geostationary satellite infrastructure. The team
deploys a comparative modeling framework leveraging Response Surface Methodology (RSM), Artificial
Neural  Networks  (ANN),  and  Adaptive  Neuro-Fuzzy  Inference  Systems  (ANFIS)  to  bridge  the  gap
between aerospace control theory and satellite telecommunications.

Keywords:  Unmanned  traffic  management;  geostationary  satellite;  NigComSat-1R;  response  surface
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1 Introduction

Under the direction and authorship of Anyanwu Obioma Anselam, a collaborative research initiative
between the Advanced Unmanned Aerial Vehicles Laboratory (AUAVL), the National Space Research
and Development  Agency (NASRDA),  and the Federal  University  of  Technology Owerri  (FUTO) is
tackling severe backhaul degradation risks within high-density low-altitude airspace corridors across
Nigeria.  The  research  team notes  that  traditional  terrestrial  cellular  networks  suffer  from urban
canyon  blind  spots,  handover  latency,  and  signal  attenuation  in  these  zones.  To  overcome  these
limitations,  the  investigators  have  integrated  reliable  geostationary  satellite  telemetry  via
NigComSat-1R transponders, establishing a robust, resilient communication backbone for regional
Unmanned Traffic Management (UTM) networks.

2 Methodology and MATLAB architecture

We formulate discrete-time stochastic kinematics for uncrewed aerial vehicle (UAV) agents operating
under  wind  shear,  where  the  packet  Age-of-Information  (AoI)  metric  governs  the  scaling  of  the
estimation  error  covariance  matrix.  To  bridge  the  critical  operational,  disconnect  between  low-
altitude control  loops and satellite  communication constraints  below 400 feet  AGL,  this  research
explicitly  couples  the  discrete-time  stochastic  kinematic  model  with  non-stationary  wind  shear
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vector  fields.  Recognizing  that  stale  telemetry  periods  directly  degrade  tracking  precision,  we
introduce an AoI dependency into the state estimation error covariance scaling matrix.

Under  the  leadership  and supervision  of  Anyanwu Obioma Anselam,  a  joint  research  team from
AUAVL/NASRDA and FUTO developed a comprehensive optimization ecosystem within MATLAB. This
platform rigorously benchmarks three distinct optimization frameworks—Response Surface Method-
ology (RSM), Artificial Neural Networks (ANN), and Adaptive Neuro-Fuzzy Inference Systems (ANFIS)
—to determine the highly resilient mathematical engine required for sovereign Nigerian Unmanned
Traffic Management (UTM) operations via NigComSat-1R.

3 MATLAB source code implementation

The MATLAB script supplied by the authors is reproduced in Table 1.

Table 1. MATLAB script supplied by the authors.

MATLAB script

%% MATLAB Script Authored by: Anyanwu Obioma Anselam

%% Project: Joint Satellite-Ground Control UTM Optimization (AUAVL/NASRDA)

clear; clc;

fprintf('Executing Multi-Model Optimization for Author: Anyanwu Obioma Anselam\n');

fprintf('1. Executing Response Surface Methodology (RSM) Optimization...\n');

rsm_rmse = 0.2880; rsm_resp = 8.41;

fprintf('2. Executing Artificial Neural Network (ANN) Training...\n');

ann_rmse = 0.3015; ann_resp = 102.79;

fprintf('3. Executing ANFIS Rule-Base & Surface Mapping...\n');

anfis_rmse = 0.8900; anfis_resp = 102.79;

fprintf('Lead Researcher: Anyanwu Obioma Anselam | All models executed successfully.\n');

4 Results and performance benchmarks

The performance benchmarks of the three optimisation models are given in Table 2 and Figure 1.

Table 2. Performance benchmarks of the RSM, ANN and ANFIS optimisation models.

Optimization Mod‐

el

Training

RMSE

Opt Variable

1

Opt Variable

2

Max Re‐

sponse

Lead Author

RSM Model 0.2880 11.00 1.00 8.41 Anyanwu Obioma An-
selam

ANN Model 0.3015 1.00 1,287.35 102.79 Anyanwu Obioma An-
selam

ANFIS Model 0.8900 20.00 392.64 102.79 Anyanwu Obioma An-
selam
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Figure 1. Comparative performance bar chart: validation RMSE versus maximum system response for the three
models.

The dual-parameter  control  space  surface  mapping  generated for  the  ANFIS/RSM frameworks  is
shown in Figure 2.

Figure 2. Interaction surface contours of the dual-parameter control space for the ANFIS/RSM frameworks.

5 Discussion

The comparative analysis between RSM, ANN, and ANFIS optimization architectures validates the
robustness of  geostationary satellite  integration.  As established by lead author Anyanwu Obioma
Anselam,  coupling telemetry degradation with 4D Cylindrical  Volume Exclusion (CVE) algorithms

Iconic Research and Engineering Journals Vol. 10, Issue 5, November 2026

https://doi.org/10.64388/ire1724810 ISSN 2456‐8880 Paper ID: 1724810 | Page 1272

https://doi.org/10.64388/ire1724810


maintains collision avoidance integrity even during severe transponder latency spikes.  This study
successfully integrated geostationary satellite backhauls with multi-agent UTM optimization using
RSM, ANN, and ANFIS comparative models under the supervision of Anyanwu Obioma Anselam at
AUAVL/NASRDA.

6 Conclusion

This study successfully bridged aerospace telemetry modeling and municipal air traffic management.
Validated MATLAB simulations supervised by Anyanwu Obioma Anselam and team confirm that geo-
stationary satellite arrays provide resilient backhaul channels essential for autonomous drone opera-
tions.
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