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Abstract— The research paper discusses the reasons for pollution in China(Beijing) , the air pollution caused by industrial 
emissions and vehicular emissions ,adverse effects of pollution on society. The data analyzed over last year by Berkeley 
Earth foundation is used in our work. Measures we can take to control pollution , nullify its effect by effective action 
applying technology and new methods , use of cloud computing in analyzing data from reports , generating results and to 
predict results to take further actions and see geographical changes and weather changes and advert it before it further affects 
society. The cloud computing approach and algorithms are used to devise new routes. Specially A* algorithm is focused 
upon to find new routes that has minimum PM that is less than 2.5. New design for instruments are suggested which can be 
helpful in analysis of air quality. 
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I. INTRODUCTION 

 
Recent Red alert in China was due to high level of 
smog content in air .This smog is caused basically 
because of air pollution. The Researchers of 
University of Berkeley: Robert A Hode , Richard A 
Muller have given inferences that approx. 1.6 million 
people die due to air pollution in China . 
The death is basically due to many disorders like 
asthma, heart attacks, stokes all result because of high 
smog which is due to high level of PM (particulate 
matter) in air . The results show the particulate matter 
is higher than 2.5s. 
The results made were after a long analysis of data 
over months and we hence need large data set with 
effective querying , sinking data from various 
geographical regions for any further research can be 
done effectively with help of cloud computing. 
Some geographical actions , instruments to capture 
air and provide raw feeding of data to help humans 
from traversing through less polluted areas are the 
measures we can take in this cause. 
Applying algorithmic concepts with help of 
developing new instruments or calibring old 
instrument for new purpose, the analysis of large data 
will surely give more positive and closer results 
applied with cloud for fast computing. High 
performance computing can help in generation of 
faster results. 
 
II. REASONS FOR AIR POLLUTION 

 
The main reason for air pollution and smog effect in 
China is due to particulate material which contains of 
flukes of SO2 gas and in some quantity NO2.The east 
side of China is more polluted due to residential of 
coal industries which provide more than 60% of 
energy to China. Currently foremost reasons for 

Beijing pollution of 2.5 particulate matter can be 
classified into following: 
 
1. Industrial Emissions 
2. Urban dust pollution 
3. Rural straw burning 
4. Pollution from districts around Beijing 
5. Direct and indirect vehicle emission 
6. Coal pollution 

 

 
 

III. RISKS ASSOCAITED WITH BEIJING AIR 
POLLUTION 

 
As the Beijing city’s air pollution and smog level has 
crossed it’s threshold level after RED ALERT, the 
adverse effects are seen on various aspects of society 
and working environment. The risks associated can 
be classified under following headings 
 
1. Health effects 

Exposure to very high levels of SO2 can be life 
threatening , this gas is toxic in nature .They can 
cause serious respiratory problems like failure of 
lungs , asthma due to prolonged exposure to 
sulfur di-oxide ,difficulty in breathing . if we get 
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exposed  to 100 parts of sulfur di-oxide per 
1000000 parts of air is extremely harmful to 
health and life. 
 

2. Environmental effects 
China is topmost emitter of Carbon and hence 
the contribution of China is extremely large in 
greenhouse gases .The large proportion of SO2 in 
air has caused acidic rain in many regions of 
China. 
The reaction of H2O+SO2 causes formation of 
H2SO4(Sulfuric acid). 
Other environmental ill effects can be seen on 
crops, animals, weather cycle change, soil 
degradation and depletion of ozone layer. 
Increasing heat is also a concern because of 
greenhouse gases. 
 

3. Technical effects 
The efficiency of data centers, which analyze 
data, is reduced due to high level of air pollution. 
The main reason is, outside air is used to cool the 
data center but that being  polluted affects 
working of data centers as well as it causes 
failure of IT equipment’s. 
 

IV. CHALLENGES 
 

The challenges we will be facing are related to two 
fields which will be collectively considered as a big 
one .The air pollution challenge in Beijing and 
challenges of cloud computing need to be combined 
and analyzed .The challenges can be divided into 2 
types. 
1. Environmental Challenges 

a. Control toxic pollutants 
b. Climate change 
c. Urban air quality management control 

 
2. Technical Challenges for Cloud Computing 

Implementation 
a. Interoperability and portability 

The data will be operated on several devices, 
the traditional weather devices will provide 
data in mostly unstructured format. The 
portability of data from one device to 
another is concern .The data operation on 
various operating system can cause 
problems. 

b. Robustness of system and data center 
The cloud computing network is extremely 
big, failures of machines is common 
problem in this overall system. The 
robustness refers to how early and 
effectively system recovers from failure 
.Considering large data center with so much 
data these problem poses serious challenge. 

c. Effective performance and budget 
The analyzing algorithm’s time complexity 
should be minimum and it should be 

effective considering the various 
unstructured and structured data. The 
performance seriously depends on the time 
complexity of algorithm. The expenditure 
also increases if we want to make new 
instruments which help in analyzing and 
processing air and measurement of 
parameters. 

d. Synchronization of data from various 
devices to data center 
The devices from which we can synchronize 
data are mobile phones and weather 
department provided instruments. Every 
mobile has its operating system which 
differs from other and due to this the 
structure of data received plays important 
role in synchronization. 

e. Parameters for classification of data and 
its effective analysis and return result to 
devices 
It becomes extremely hard to decide the 
parameter for classification of data and what 
threshold to put for analyzed data to classify 
into various levels for detecting the level of 
air pollution and its effects. 

f. Integrate the regulation of WHO 
standard with weather forecast 
department 
The data collected by the weather 
department must be regulated according to 
norms provided by WHO. Other 
international standard should also be taken 
into consideration to classify data. 

 
V. EXISTING SOLUTION FOR DATA 
SYNCHRONIZATION AND OUR ANAYTICAL 
METHOD TO DO SYNCHRONIZATION 
 
There exist different methods to synchronize the data 
between different mobile devices and web server or 
data center.  
 
Two of these mostly used algorithms are:- 
1. SAMD (Synchronization Algorithm Based on 
Message Digest) 
2. OSDB (Occasionally Synchronized Database 
System) 
 
SAMD:- 
 
SAMD does synchronization between different 
mobile devices using standard SQL queries which are 
certified by ISO (International Organization for 
Standardization).SAMD algorithm uses the Message 
Digest Algorithm to make the images at the server-
side database and mobile device database and images 
and message digest value are stored in message digest 
table in both server side and mobile side. SAMD uses 
two tables Data table on both sides i.e. client side as 
well as server side and Message Digest table also on 
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both sides. Data table consist of business data and 
Message Digest table at server side consist of 
different columns such as MDV i.e. Message Digest 
Value and MID i.e. Mobile ID which indicates which 
mobile needs to be synchronized. 
 

 
 
2. OSDB:- 
 
Occasionally Synchronized Database allows 
synchronization of mobile devices with server by 
means of allowing mobile client to work on locally 
replicated data without constant internet connection 
to the server. Occasionally synchronization needed 
when there is high need of use but no restriction on 
consistency of shared data values. Mobile client able 
to hold the database for their individual processing 
and it also able to collect or do local updates even 
after connection between mobile client and server is 
lost. 
 
Steps of OSDB 
 

1. Repeat the step no. 5 is Mobile Client’s Doc 
need to be synchronized 

2. Search IDMT i.e. ID Mapping Table along 
with ClientDocUID i.e. LUID 

3. If ClientDocUID found and document is 
valid then go to the next step 

4. Update the records with server database else 
go to next step 

5. If ClientDocID not found then generate new 
ClientDocID and add it to IDMT(ID 
Mapping Table) 

6. If ServerDoc needs to be synchronized then 
repeat through step no. 6 

7. Search for IMT along with 
ServerDocUID(GUID) 

8. If ServerDocID found then go to next step 
9. Update with client database else gotot next 

step 
10. If ServerDocID not found then generate new 

ServerDocID and add it to IDMT 
 

OUR ANALYTICAL METHOD FOR 
SYNCHRONIZED AIR DATA BETWEEN 
MOBILE CLIENT AND CLOUD 
 

As SAMD uses Message Digest algorithm and 
Message Digest Table to synchronize data and OSDB 
does synchronization even if there is no constant 
internet  connection. So we can combine the method 
of SAMD and OSDB to synchronize air data. It 
means that air data from mobile client is 
synchronized with air data on cloud and it will get 
updated dynamically. Cloud will calculate the air 
quality of that area and will return the result of air 
quality to the mobile user dynamically. 

 
 
VI. EFFECTIVE CLOUD AND ALGORITHMIC 
SOLUTION 

 
What happens in Google maps? 
In Google maps when we search route between two 
places the maps inbuilt algorithm uses Dijkastras 
algorithm. The algorithm used is a modified version 
of it, in which the edges are updated dynamically and 
the new algorithm is known as A* algorithm. The 
basic strategy used by A* algorithm is it find the 
shortest route among the various routes available 
between two places .If the route is congested then that 
part of route gets a red symbol and hence the weight 
for route changes dynamically. 
A* can be described as greedy breadth first search  
algorithm. In that it uses heuristics to guide itself. 
 
Basic A* algorithm: 
A* algorithm uses the artificial intelligence 
technologies or heuristics approach to find the path 
between two nodes the basic algorithm is as described 
as follows 

1. defheuristic (a, b): 
2. (x1, y1) = a 
3. (x2, y2) = b 
4. return abs (x1-x2) + abs (y1-y2) 
 
5. defa_star_search(graph, start, goal): 
6. frontier=PriorityQueue() 
7. frontier.put(start, 0) 
8. came_from={} 
9. cost_so_far={} 
10. came_from[start]=None 
11. cost_so_far[start]=0 
12. whilenotfrontier.empty(): 
13. current = frontier.get() 
14. if current == goal: 
15. break 

 
16. for next in graph.neighbors (current): 
17. new_cost = cost_so_far[current] + 

graph.cost(current, next) 
18. if next not in cost_so_far or 

new_cost<cost_so_far[next]: 
19. cost_so_far[next]=new_cost 
20. priority=new_cost + heuristic (goal, next) 
21. frontier.put(next, priority) 
22. came_from[next]=current 
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23. return came_from, cost_so_far 
 

 
 
Innovative part to help people find less polluted 
routes between two destination points 
 
In this function of A* algorithm we add our own third 
factor related to pollution which will compute us 
actual results and show new routes. 
 
Original equation : 
What A* algorithm computes is  f1(n) = f2(n) + 
f3(n). To add these two functions they must be in 
same dimension. If f2(n) is measured in D dimension 
then f3(n) must also e measured in D dimension. 
The function f2(n) and f3(n) basically represents the 
distance between the starting node and the ending 
node and this value must be minimum so as to 
compute shortest route. 
 
We modify this equation by adding the air quality 
index function or particulate matter function of that 
particular route ,let us consider it as f4(n) function 
This f4(n) function is made up of two functions same 
as shortest path function which can be represented as 
: f4(n)=f1’(n)+f2’(n) 
The f1’(n) function represents the air quality live 
index between the current node and starting node 
andf2’(n) function represents the air quality live 
index between the current node and destination node. 
Overall if we consider this then distance should also 
be least and the pollution in that route should also be 
least gains best result. 
The modified algorithm can be suggested as 
following : 

1. defheuristic (a, b): 
2. (x1, y1) = a 
3. (x2, y2) = b 

4. return abs (x1-x2) + abs (y1-y2) 
5. defheuristicpol (index1, index2): 
6. (x1, y1) = index1 
7. (x2, y2) = index2 
8. return abs (x1 – x2) + abs (y1 – y2) 
9. defa_star_search(graph, start, goal): 
10. frontier=PriorityQueue() 
11. frontier.put(start, 0) 
12. came_from={} 
13. cost_so_far={} 
14. came_from[start]=None 
15. cost_so_far[start]=0 
16. whilenotfrontier.empty(): 
17. current = frontier.get() 
18. if current == goal: 
19. break 
20. for next in graph.neighbors (current): 
21. new_cost=cost_so_far[current]+graph.cost(c

urrent,next)+poll_so_far[current]+pollutionf
urther(currentnext) 

22. if next not in cost_so_far or 
new_cost<cost_so_far[next]: 

23. cost_so_far[next]=new_cost 
24. priority=new_cost + heuristic (goal, next) + 

heuristicpol(goal, next) 
25. frontier.put(next, priority) 

 
26. came_from[next]=current 
27. return came_from, cost_so_far 
 

 
Thus as we are using heuristic approach and all the 
data will be collected live as forecasted by the 
instruments , we need to collect, manage and analyze 
large amount of data , we need cloud computing 
platform. Cloud computing helps in fast access and 
analysis, platform independency is achieved 
,Synchronization of data from various platforms is 
achievable. 
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How to compute new formula for new weight and 
deciding parameters : 
 
The result will be always computed according to the 
new equation i.e. f1(n)=f2(n)+f3(n) 
Where f3(n)=f1’(n)+f2’(n). 
 
The deciding parameters will be the air quality index 
and at what layer how harmful it is makes the weight 
higher .The standard provided by WHO can be 
implemented along with this so that more standard 
results are generated  
 
Innovative instruments designing : 
We can design new instruments which can take the 
air in them and analyze the air after every hour and 
send the results to data center which also takes in the 
input of air  quality from mobile devices in area, 
overall such data can     produce good amount of 
significantly correct result.   
The design of instrument can be visualized in figure 
as follows: 
 

 
 
 
EXPECTED RESULTS AND CONCLUSION 
 
Through this approach implementation we can surely 
provide better routes of traversing for pedestrians in 
Beijing. The more polluted area can be concentrated 
upon by government to improve air quality in that 
region. The instruments provided data is more 

reliable providing detail information and hence 
reducing the health related effects of air pollution 
.The geographical actions by government are also 
expected to take which can divert the flukes thus 
reducing overall concentrations of smog. Cloud 
computing security implementations is expected to 
give faster results with wide range of data analysis. 
Thus we can really take good help of technology in 
decreasing the air pollution 
The improvement is A* algorithm may make it slow 
but the results generated will be very much updated 
due to heuristic approach. The challenges are 
expected to get covered by improvements. The risk 
associated are also overcome mostly due to approach 
 
REFERENCES 

 
[1] https://uk.news.yahoo.com/beijing-air-pollution--

causes-of-smog-in-china-125026173.html 
[2] http://www.theguardian.com/commentisfree/2015/dec/2

0/the-guardian-view-on-beijing-smog-alert-dealing-
with-the-symptom-not-the-cause 

[3] https://www.quora.com/What-algorithms-are-used-by-
map-services-to-find-directions 

[4] http://havrl.blogspot.in/2013/08/synchronization-
algorithm-for.html 

[5] http://publications.lib.chalmers.se/records/fulltext/1436
34.pdf 

[6] https://www.academia.edu/6760960/A_DATABASE_S
YNCHRONIZATION_ALGORITHM_FOR_MOBILE
_DEVICES 

[7] http://appcrawlr.com/android-apps/best-apps-air-quality 
[8] https://www.epa.gov/clean-air-act-overview 
[9] https://www.epa.gov/clean-air-act-overview/air-

pollution-current-and-future-challenges 
[10] https://21stcenturychallenges.org/air-pollution/ 
[11] https://www.researchgate.net/publication/267271384_A

ccident_Prevention_and_Air_Pollution_Control_using_
VANET_under_Cloud_Environment 

[12] http://www.bbc.com/news/world-asia-china-35026363 
[13] http://www.aljazeera.com/indepth/features/2016/01/red-

alert-life-beijing-smog-160104063026957.html 
[14] http://beijing.usembassy-

china.org.cn/mobile//aqirecent3.html 
[15] http://berkeleyearth.org/wp-

content/uploads/2015/08/China-Air-Quality-Paper-July-
2015.pdf. 

 
 
 
 
 
 

 


