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ABSTRACT  

he Google map which is Remotely 

derived is adjudged the best 

navigation tool available to both 

trained and untrained populace as it 

enables people to locate points of their 

interest without having to pester the public 

for enquiries. However it has been found to 

have some shortcomings which are capable 

of limiting its applicabilities as collaborated 

by many authorities. There is therefore a 

gap of an integration model that can address 

the challenges identified. This research is of 

the view that those deficiencies can be 

remedied by integrating remote sensing, 

GIS and GPS in what is termed the 

Commensal Integration Model. The 

coordinates of points were determined on 

UTM worldwide and on Mina UTM 32 

projected coordinate system. The difference 

between both of the systems for reasonable 

number of locations were noted and 

averaged. They were then applied to GPS 

readings on the Minna projected datum to 

generate the appropriate locations of the 

points on the Google map. The multimedia 

data for the locations obtained were 

processed using appropriate software and 
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Introduction: 
The world is a constantly 

changing one such that maps 

and models of the earth easily 

become obsolete. Map makers 

are faced with the problem of 

map revision owing to this 

obvious fact. Existing entities 

on the ground could be deleted 

while new ones not existing 

before could also come into 

being.  This is a challenge that 

necessitate the integration of 

remote sensing, GIS and GPS. 

The product emanating from 

remote sensing are synoptic in 

view and very original. The 

GPS dataset are acquired in a 

very timely fashion and can be 

used to georeference the 

remotely sensed data. The GIS 

permits data gathered from 

multiple sources to be 

harnessed through storage, 

manipulation processing and 

display. When multimedia 

datasets are added, more 

embellishment is generated.  
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hyperlinked/loaded onto their correct locations. The difference in coordinate 

between the projected coordinate system and UTM worldwide were found to 

be 1470 411 and 142.68m averagely in bearing and distance indicating 

differences of 75.92m in Easting and -120.17m in Northing respectively. 

Therefore when converting from UTM Minna datum to UTM worldwide it 

should be negative in Easting and possible in Northing axes. While converting 

the other round, the reverse is the case. These constants has been code- named 

ejiga – Okeke – unn constants. To solve the challenge of inaccurate location, 

these constants were applied to the UTM Minna projected values and it ensured 

that points were accurately located on the Google map. Apart from inaccuracy, 

other challenges like missing information or poor recognition were eliminated. 

The lack of context information experienced on digital maps was mitigated by 

adding the multimedia data sets including video, audio, text and photographs 

thus making the objects or entities virtually distinctive. The challenge of 

generalization in presentation is also mitigated by this multimedia context as 

only prominent and notable entities are favoured and highlighted at the 

expense of less important ones with the effect that maps are clearer. 

 

Keywords: UTM Minna/Worldwide Remote sensing, GPS, GIS, Unn_Constants, 

Commensal Integration, Navigation tool, Google map. 

 

herefore a foundation exists for the integration of all these technologies. 

The product from the integration is no doubt better than any one of 

them. However, it has been observed by a good number of Authors that 

one of the integrals (remote sensing) precisely the Google map is faced with 

many downsides and hence an integration model to mitigate this becomes a 

necessity in order to make it a veritable and seamless navigation tool. This 

research therefore has the mandate of developing the commensal integration 

model in addition to the existing ones to cater for the observed and proven flaws 

of the Google map. 

Ehlers et al., (1989) provided a three stage model by which the integration of 

remote sensing and GIS can be considered. He was of the opinion that existing 

works in this area can be categorized as either first or second level and pointed 

out that the third level was not far-fetched. 

Gao, (2002), suggested that this three level classification should be expanded in 

order to accommodate GPS. Hinto, (1996) was of the view that a stronger 

T 
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integration mode would be available in the nearest future through which GPS, 

GIS and remote sensing would be harnessed for solving environmental 

challenges. 

With the emergence of the GPS in the 1980s, a veritable data acquisition tool 

was born. Its emergence multiplied the application areas to include the 

modeling of resources and environmental management 

 

Why the Integration? 

Mostly data stored in GIS database are either spatial or attribute which are 

easily digitized from existing maps. Existing entities on the ground could be 

deleted while new ones not existing before could come into being. This imposes 

some limitations on the maps and hence necessitate the application of remote 

sensing and GPS. Through remote sensing imageries, the synoptic view of the 

terrain is afforded using the imageries that never lies. These images are also 

very current as the satellites passes through a scene twice a day. Using GPS, data 

are acquired in a timeless fashion. The remotely sensed data can be 

georeferenced to the ground coordinate system and can also be left in its world 

coordinate system. In addition its data can be overlaid with others obtained 

from various sources namely GPS as well as the multimedia datasets, there 

exists therefore a foundation favouring the integration of these technologies to 

further the deeper understanding  of the terrain and its features to aid in 

modeling and accurate monitoring of the environment. 

In a case study, the role of GPS in such integration was scored very high. This 

was a case study where GIS and remote sensing were integrated through the 

overlay of a digital image on a cartographic data set. The study yielded a product 

allowing any analyst to see and decode information arising from this integration 

as better than that coming from any one of the two. It also proved that the two 

technologies are complementary to each other in a fashionable format. 

Furthermore, as image data are mostly more recent that GIS ones, the image 

ones are used to update existing map in GIS. Synoptic view of an urban area can 

be generated when image is superimposed on an existing map from a DEM 

(Digital Elevation Model) by means of the GIS to enable visualization links 

among land cover and terrain nature. This yields “virtual – fly – over by further 

processing in computer animation (NASA, 2011– http://SVS. gsfc.nasa.gov). the 

scenarios given above produced good results and also generated newer 

http://www.berkeleypublications.com/
http://svs/


09.30.2020  Pg.04  
   
         Vol. 13, No. 2 
 
 

BERKELEY RESEARCH & PUBLICATIONS INTERNATIONAL  
Bayero University, Kano, PMB 3011, Kano State, Nigeria. +234 (0) 802 881 6063,  
Website: www.berkeleypublications.com  

 
ISSN: 1334-4977 

International Journal of African Sustainable Development 

products. This can be enhanced nowadays by adding the multimedia content for 

wider and deeper potency. 

 

DEFINITION OF THE TECHNOLOGIES.   

The oldest of the technologies - remote sensing is defined variously by many 

authors. For this work, the definition given by Colwell (1983), is adopted which 

is the acquisition and distillation of information is regarding to the earth surface 

or environment, especially the natural and artificial resources by using 

photographic and related data acquired from airborne platforms. 

For GIS the definition rendered by Cowen (1988), suffices, which is a system 

that supports accurate decision through the integration of spatially derived 

data in a problem solving synthesis. 

The GPS on the other hand lacks varied definitions owing to its newness. 

Wooden (1988), saw it as boundless space – borne navigation platform of the 

US Department of defense for the satisfaction of military requirements towards 

determination of their velocity, location and time in a defined reference system 

at any location on or rear the earth surface. 

GPS is therefore used to obtain coordinates of ground stations for geo 

referencing. Looking at the definitions of these technologies, it can be 

discovered that they are complementary to each other and at times 

supplementary as would be seen in this discourse. Each has its short comings 

and potencies which when used singly may not yield the required results 

adequately. When integrated, they become more empowered to maximally 

perform in environmental management and studies. 

 

OVERVIEW OF EXISTING INTEGRATION MODELS        

The existing integration models are linear, interactive, hierarchical and 

complex and the way data flows among the three technologies confirms Ehlers 

(1989) classification. 

 

The Linear Mode. 

In this model the data flows linearly among the integrating components i.e the 

GPS supplies data needed in geo referencing and correcting the remote sensely 

data which ultimately closes in the GIS, see fig 1 below: 

http://www.berkeleypublications.com/


09.30.2020  Pg.05  
   
         Vol. 13, No. 2 
 
 

BERKELEY RESEARCH & PUBLICATIONS INTERNATIONAL  
Bayero University, Kano, PMB 3011, Kano State, Nigeria. +234 (0) 802 881 6063,  
Website: www.berkeleypublications.com  

 
ISSN: 1334-4977 

International Journal of African Sustainable Development 

 
The Linear model of Integration. 

Source: Gao, 2002 

Each integrating component is maximally used, while the GPS provides the 

horizontal and vertical controls for the imagery, the imagery is later moved into 

the GIS where analysis and modeling are done. The role of the GPS is a 

subordinate one as it is used to convert the remote sensing product into the real 

world or projected coordinate system only and is not visible in the final abode 

which is the GIS. Again the four variants of the linear model have the GPS as 

passive integral as all of these variants have their various stages implemented 

before entrance into the GIS. 

 

Interactive Model.  

In this model, although there exists semblance with the linear model, there is 

symbiosis of data flow between remote sensing and GPS as well as between 

remote sensing and GIS, in other words there is a two way traffic. The 

implication of this symbiosis is a leverage that the integration can be carried 

out in either the GIS or in the remote sensing integrals using appropriate 

software packages. This highlights that the remote sensing does not only supply 

data to boost GIS but that it is a very resourceful component of the integration. 

This implies a data flow both from right to left and from left to right. It is 

however difficult to judge the most important component between the remote 

sensing and GIS, while GPS is evidently subordinate. This is in sharp contrast to 

the linear model, where GPS data help to generate features that were hitherto 

invisible on imagery as a result of poor resolution when its data are overlaid on 

the later. See fig 2. 

 

 
Fig 2: Interactive Model of Integration  

Source: Gao, 2002 
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The Hierachical Model  

The hierarchical model has to possible modes of integration. The first mode is 

between remote sensing and GPS data implying that GPS data are used to 

orientate and rectify remote sensing data through geo referencing. 

The second possible mode exist between GIS/its likes, remote sensing or 

mathematical models. Modeling takes place in either the GIS or the remote 

sensing as there is no direct link between the two. The remote sensing plays 

dominant role which supplies the bulk of data required, the GIS is 

supplementary and the GPS subordinate see fig 3. 

 

 
Fig 3: The Hierachical Model of Integration. 

Source: Gao, 2002 

 

The Complex Model  

This model suggest a wholesome model of integrating remote sensing, GPS and 

GIS. All links shown in the earlier ones are contained here as well as other new 

links. GPS data set can be taken to the GIS directly to update it and improve the 

existing database Borr (1994), See fig 4. 

 

 
Fig 4: The Complex Model of Integration.   Source: Gao, 2002 
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Statement of the Problem  
Digital maps of which the Google map is part are found to be deficient in some 
respects and this has be collaborated by a good number of authors  
These deficiencies include: 

i. Landmarks not clearly recognizable  
ii. Context information not shown  
iii. And faulty generalization (Grabler et al., 2008). 

 
Papiewski (2019) admitted the usefulness of Google map when he said it was 
the best navigation tool ever available helping people to locate any destination 
of choice without recourse to pestering the public for enquiries. However he 
listed it’s downsides to include the following: 
 

i. Blurred context information  
ii. Poor accuracy  
iii. Slow loading  

 
[11] Submitted that Google map have the following downsides; 
      i         Inaccurate or misleading information 
      ii        Poor loading as a result of size 
      iii       Display of irrelevant content 
      iv         Blurriness of information 
For this study, there is a gap of appropriate integration model that can mitigate 
these downsides of the Google map to make it a veritable and seamless 
navigation tool. 
 

Aim and Objectives  
The aim of this research is to develop robust integration model capable of 
mitigating the downsides of Google map to make it a veritable navigation tool. 
The objectives include: 

i. Determine adequate spatial coordinates of artifacts on both Pseudo 
Mercator and UTM Minna zone 32 datums  

ii. Acquire adequate context information  about the artifacts using 
multimedia instruments  

iii. Determination of locational differences between the projected Minna 
datum coordinate and the UTM worldwide datum coordinate and 
application of the differences acquired to correct locational error on 
the map for use in (i) above   

 

Methodology  
The coordinates of points were determined on UTM worldwide and on Mina 
UTM 32 projected coordinate system. The difference between both of the 
systems for reasonable number of locations were noted and averaged. They 
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were then applied to GPS readings on the Minna projected datum to generate 
the appropriate locations of the points on the Google map. The multimedia data 
for the locations obtained were processed using appropriate software and 
hyperlinked/loaded onto their correct locations. 
The difference in coordinate between the projected coordinate system and UTM 
worldwide were found to be 1470 411 and 142.68m averagely in bearing and 
distance indicating differences of 75.92m in Easting and -120.17m in Northing 
respectively. Therefore when converting from UTM Minna datum to UTM 
worldwide it should be negative in Easting and possible in Northing axes. While 
converting the other round, the reverse is the case. These constants were 
derived from the ongoing PhD thesis authored by this candidate and has been 
code- named ejiga – Okeke – unn constants   
To solve the challenge of inaccurate location, these constants were applied to 
the UTM Minna projected values and it ensured that points were accurately 
located on the Google map. Apart from inaccuracy, other challenges like missing 
information or poor recognition were eliminated. The lack of context 
information experienced on digital maps was mitigated by adding the 
multimedia data sets including video, audio, text and photographs thus making 
the objects or entities virtually distinctive. 
The challenge of generalization in presentation is also mitigated by this 
multimedia context as only prominent and notable entities are favoured and 
highlighted at the expense of less important ones with the effect that maps are 
clearer. 
 

The Commensal Integration Model. 
Commensalism is a symbiosis of entities where one of them benefits but not at 
the expense of the other(s).   
Through this integration, remotely sensed data- (the Google map) derived 
enormous benefits by way of rectifying it’s deficiencies through the symbiosis 
of GPS data and multimedia GIS. The procedure of the integration is shown 
below in fig 5  
 

 

 

 

 

           + +                + 

 

 

Fig 4.1:   The Commensal Model of Integration    Source: Author 

 

          Remote sensing 

            GPS 

 

         GIS 
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From the existing integration models over viewed, GPS data are only point – 

based ones and the three integrals have varied levels of importance. In the 

linear model the GPS dataset has a subordinate role resulting in its absence in 

the final database owing to its lack of direct link with GIS and remote sensing, 

that is, it only bridge the gap existing between GIS and remote  sensing. 

In the interactive method, although the data flow is mutual, occurring between 

GPS and remote sensing and between remote sensing and GIS; the GPS is of less 

importance and at times rarely noticed in the database. 

For the Hierarchical model, two modes exists. There is one between remote 
sensing and GPS while the other one exist between either remote sensing data 
and the GIS or some mathematical models. Here also GPS data plays a passive 
role and may not be used directly in the second mode of the integration as it is 
not visible.  
The Complex model is circular in nature and that it is hard to determine the 

specific importance of each of the integrals, each of them can claim foremost 

importance depending on the specific application involved. 

The developed model- the commensal model, GIS and GPS are dominant and the 

host (remote sensing) is the beneficiary. The GPS data has two roles to play. 

Firstly, it gives the locational coordinates of artefacts and landmarks. Secondly, 

through measurement on both datums i.e. UTM worldwide and UTM Minna 32, 

the difference in both datums for same locations are obtained. These differences 

are used in the accurate location of entities with locational challenges. 

The GPS on the other hand provided detailed information about the entities in 

many formats namely text, image, audio and video. Besides the GIS hosts the 

integration before finally tacking it to the remote sensing integral which is the 

sole beneficiary. GIS and GPS therefore plays equally important roles.  

 
Results 
1. The coordinates of point observed on both Pseudo Mercator and Minna 

UTM 32 datums showed differences in both Easting and Northings of 
75.92m and – 120.17m. This translates to a distance of 142.68m and 
bearing of 1470 41. These constants are code – named: ejiga _ okeke_ unn 
constants. In solving the problem of in accuracy, these constants were 
applied to the UTM Minna 32 coordinates values observed and it ensured 
that such entities were correctly located on the Google map. Besides the 
challenge of inaccuracy, it also mitigated those of missing information or 
poor recognisability. 

2. Context which is said to be the background environment in which an entity 
is found and may assist in giving the meaning or function of such artefacts. 
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The no context information defect associated with Google map is mitigated 
when adequate and comprehensive multimedia data about the artefacts are 
acquired and shown. While the video and photograph gives enhanced 
information of the background, the audio and text provides oral and literal 
information about same and hence adequately mitigating the challenges. 

 
Discussion of Results  
The results for objectives 1 and 3 are merged in result 1. The remote sensing 
integral is the beneficiary of this mode of integration as its downsides are 
corrected for. The other integrals loses nothing, this is the Commensal 
Integration Model.  
GPS and GIS can individually interact with the remote sensing as well as 
collectively. When done collectively, it is through a database system already 
discussed in (Ejiga and Okeke 2020). 
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