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GLOSSARY 

 

Internet of Things (IoT): a network on which billions of devices are connected over 

the Internet 

LPWAN (Low Power Wide Area Network): a network that covers a large distance 

with low data rate 

Wireless Sensor Nodes (WSNs): nodes used for monitoring certain parameters 

System Requirements Specification (SRS): a document specifying the 

recommendations and requirements of the system being conducted 

Define-Measure-Analyze-Improve-Control (DMAIC): a framework on improving a 

product or system 

Long Short-Term Memory (LSTM): a deep learning model that is part of the 

recurrent neural network 

Recurrent Neural Network (RNN): a type of neural network; an alternative to 

convolutional network 

Stochastic Gradient Method (SGM): a stochastic algorithm 

Root Mean Square Error (RMSE): a forecasting error type that calculates the 

difference between the test and predicted values 

Normalized Root Mean Square Error (NRMSE): an indicator as to whether the 

predicted data are within acceptable range or not 
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APPENDIX 

 

 

Generate Data Code (SIM7080G) 

 

iterations=800; 

x=[]; 

for i=1:iterations 

x(i)=randi([567 1008]); 

Results=num2cell(x); 

end 

 

Generate Data Code (SIM8262E) 

 

iterations=800; 

x=[]; 

for i=1:iterations 

x(i)=randi([14076 17388]); 

Results=num2cell(x); 

end 

 

Generate Data Code (SIM900) 

 

iterations=800; 

x=[]; 

for i=1:iterations 

x(i)=randi([2880 5166]); 

Results=num2cell(x); 

end 

 

Generate Data Code (LoRa) 

 

iterations=800; 

x=[]; 

for i=1:iterations 

x(i)=randi([125 134]); 

Results=num2cell(x); 

end 

 

Generate Data Code (SIM7600E) 

 

iterations=800; 

x=[]; 

for i=1:iterations 

x(i)=randi([14076 17388]); 

Results=num2cell(x); 

end 
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Deep Learning Code (SIM7080G) 

 

load nb_iot; 

data = Results; 

data = [data{:}]; 

 

figure 

plot(data) 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Power Consumption of NB-IoT") 

 

numTimeStepsTrain = floor(0.6*numel(data)); 

 

dataValid = data(1:81); 

dataTrain = data(81:numTimeStepsTrain+1); 

dataTest = data(numTimeStepsTrain+1:end); 

 

mu = mean(dataTrain); 

sig = std(dataTrain); 

 

dataTrainStandardized = (dataTrain - mu) / sig; 

dataValidStandardized = (dataValid - mu)/ sig; 

 

XTrain = dataTrainStandardized(1:end-1); 

YTrain = dataTrainStandardized(2:end); 

XValid = dataValidStandardized(1:end-1); 

YValid = dataValidStandardized (2:end); 

 

adsXTrain = arrayDatastore(XTrain); 

adsYTrain = arrayDatastore(YTrain); 

adsXValid = arrayDatastore(XValid); 

adsYValid = arrayDatastore(YValid); 

 

 

cdsTrain = combine(adsXTrain,adsYTrain); 

cdsValid = combine(adsXValid, adsYValid); 

 

dataTestStandardized = (dataTest - mu) / sig; 

 

XTest = dataTestStandardized(1:end-1); 

YTest = dataTest(2:end); 

 

net = predictAndUpdateState(trainedNetwork_1,XTrain); 

 

[net,YPred] = predictAndUpdateState(net,YTrain(end)); 

 

numTimeStepsTest = numel(XTest); 
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for i = 2:numTimeStepsTest 

    [net,YPred(:,i)] = predictAndUpdateState(net,YPred(:,i-

1),'ExecutionEnvironment','cpu'); 

end 

 

YPred = sig*YPred + mu; 

 

rmse = sqrt(mean((YPred-YTest).^2)) 

 

figure 

plot(dataTrain(1:end-1)) 

hold on 

idx = numTimeStepsTrain:(numTimeStepsTrain+numTimeStepsTest); 

plot(idx,[data(numTimeStepsTrain) YPred],'.-') 

hold off 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Forecast") 

legend(["Observed" "Forecast"]) 

 

figure 

subplot(2,1,1) 

plot(YTest) 

hold on 

plot(YPred,'.-') 

hold off 

legend(["Observed" "Forecast"]) 

ylabel("Power Consumption (mW)") 

title("Forecast") 

 

subplot(2,1,2) 

stem(YPred - YTest) 

xlabel("Iterations") 

ylabel("Error") 

title("RMSE = " + rmse) 

 

Deep Learning Code (SIM8282E) 

 

load Data_5G.mat; 

data = Results; 

data = [data{:}]; 

 

figure 

plot(data) 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Power Consumption of SIM7600E") 
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numTimeStepsTrain = floor(0.6*numel(data)); 

 

dataValid = data(1:81); 

dataTrain = data(81:numTimeStepsTrain+1); 

dataTest = data(numTimeStepsTrain+1:end); 

 

mu = mean(dataTrain); 

sig = std(dataTrain); 

 

dataTrainStandardized = (dataTrain - mu) / sig; 

dataValidStandardized = (dataValid - mu)/ sig; 

 

XTrain = dataTrainStandardized(1:end-1); 

YTrain = dataTrainStandardized(2:end); 

XValid = dataValidStandardized(1:end-1); 

YValid = dataValidStandardized (2:end); 

 

adsXTrain = arrayDatastore(XTrain); 

adsYTrain = arrayDatastore(YTrain); 

adsXValid = arrayDatastore(XValid); 

adsYValid = arrayDatastore(YValid); 

 

 

cdsTrain = combine(adsXTrain,adsYTrain); 

cdsValid = combine(adsXValid, adsYValid); 

 

dataTestStandardized = (dataTest - mu) / sig; 

 

XTest = dataTestStandardized(1:end-1); 

YTest = dataTest(2:end); 

 

net = predictAndUpdateState(trainedNetwork_1,XTrain); 

 

[net,YPred] = predictAndUpdateState(net,YTrain(end)); 

 

numTimeStepsTest = numel(XTest); 

for i = 2:numTimeStepsTest 

    [net,YPred(:,i)] = predictAndUpdateState(net,YPred(:,i-

1),'ExecutionEnvironment','cpu'); 

end 

 

YPred = sig*YPred + mu; 

 

rmse = sqrt(mean((YPred-YTest).^2)) 

 

figure 

plot(dataTrain(1:end-1)) 

hold on 
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idx = numTimeStepsTrain:(numTimeStepsTrain+numTimeStepsTest); 

plot(idx,[data(numTimeStepsTrain) YPred],'.-') 

hold off 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Forecast") 

legend(["Observed" "Forecast"]) 

 

figure 

subplot(2,1,1) 

plot(YTest) 

hold on 

plot(YPred,'.-') 

hold off 

legend(["Observed" "Forecast"]) 

ylabel("Power Consumption (mW)") 

title("Forecast") 

 

subplot(2,1,2) 

stem(YPred - YTest) 

xlabel("Iterations") 

ylabel("Error") 

title("RMSE = " + rmse) 

 

Deep Learning Code (SIM900) 

 

load Data_SIM900; 

data = Results; 

data = [data{:}]; 

 

figure 

plot(data) 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Power Consumption of SIM900") 

 

numTimeStepsTrain = floor(0.6*numel(data)); 

 

dataValid = data(1:81); 

dataTrain = data(81:numTimeStepsTrain+1); 

dataTest = data(numTimeStepsTrain+1:end); 

 

mu = mean(dataTrain); 

sig = std(dataTrain); 

 

dataTrainStandardized = (dataTrain - mu) / sig; 

dataValidStandardized = (dataValid - mu)/ sig; 
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XTrain = dataTrainStandardized(1:end-1); 

YTrain = dataTrainStandardized(2:end); 

XValid = dataValidStandardized(1:end-1); 

YValid = dataValidStandardized (2:end); 

 

adsXTrain = arrayDatastore(XTrain); 

adsYTrain = arrayDatastore(YTrain); 

adsXValid = arrayDatastore(XValid); 

adsYValid = arrayDatastore(YValid); 

 

 

cdsTrain = combine(adsXTrain,adsYTrain); 

cdsValid = combine(adsXValid, adsYValid); 

 

dataTestStandardized = (dataTest - mu) / sig; 

 

XTest = dataTestStandardized(1:end-1); 

YTest = dataTest(2:end); 

 

net = predictAndUpdateState(trainedNetwork_1,XTrain); 

 

[net,YPred] = predictAndUpdateState(net,YTrain(end)); 

 

numTimeStepsTest = numel(XTest); 

for i = 2:numTimeStepsTest 

    [net,YPred(:,i)] = predictAndUpdateState(net,YPred(:,i-

1),'ExecutionEnvironment','cpu'); 

end 

 

YPred = sig*YPred + mu; 

 

rmse = sqrt(mean((YPred-YTest).^2)) 

 

figure 

plot(dataTrain(1:end-1)) 

hold on 

idx = numTimeStepsTrain:(numTimeStepsTrain+numTimeStepsTest); 

plot(idx,[data(numTimeStepsTrain) YPred],'.-') 

hold off 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Forecast") 

legend(["Observed" "Forecast"]) 

 

figure 

subplot(2,1,1) 

plot(YTest) 

hold on 
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plot(YPred,'.-') 

hold off 

legend(["Observed" "Forecast"]) 

ylabel("Power Consumption (mW)") 

title("Forecast") 

 

subplot(2,1,2) 

stem(YPred - YTest) 

xlabel("Iterations") 

ylabel("Error") 

title("RMSE = " + rmse) 

 

Deep Learning Code (LoRa) 

 

load LoRa_Data; 

data = Results; 

data = [data{:}]; 

 

figure 

plot(data) 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Power Consumption of LoRa") 

 

numTimeStepsTrain = floor(0.6*numel(data)); 

 

dataValid = data(1:81); 

dataTrain = data(81:numTimeStepsTrain+1); 

dataTest = data(numTimeStepsTrain+1:end); 

 

mu = mean(dataTrain); 

sig = std(dataTrain); 

 

dataTrainStandardized = (dataTrain - mu) / sig; 

dataValidStandardized = (dataValid - mu)/ sig; 

 

XTrain = dataTrainStandardized(1:end-1); 

YTrain = dataTrainStandardized(2:end); 

XValid = dataValidStandardized(1:end-1); 

YValid = dataValidStandardized (2:end); 

 

adsXTrain = arrayDatastore(XTrain); 

adsYTrain = arrayDatastore(YTrain); 

adsXValid = arrayDatastore(XValid); 

adsYValid = arrayDatastore(YValid); 

 

 

cdsTrain = combine(adsXTrain,adsYTrain); 
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cdsValid = combine(adsXValid, adsYValid); 

 

dataTestStandardized = (dataTest - mu) / sig; 

 

XTest = dataTestStandardized(1:end-1); 

YTest = dataTest(2:end); 

 

net = predictAndUpdateState(trainedNetwork_1,XTrain); 

 

[net,YPred] = predictAndUpdateState(net,YTrain(end)); 

 

numTimeStepsTest = numel(XTest); 

for i = 2:numTimeStepsTest 

    [net,YPred(:,i)] = predictAndUpdateState(net,YPred(:,i-

1),'ExecutionEnvironment','cpu'); 

end 

 

YPred = sig*YPred + mu; 

 

rmse = sqrt(mean((YPred-YTest).^2)) 

 

figure 

plot(dataTrain(1:end-1)) 

hold on 

idx = numTimeStepsTrain:(numTimeStepsTrain+numTimeStepsTest); 

plot(idx,[data(numTimeStepsTrain) YPred],'.-') 

hold off 

xlabel("Time (seconds)") 

ylabel("Power Consumption (mW)") 

title("Forecast") 

legend(["Observed" "Forecast"]) 

 

figure 

subplot(2,1,1) 

plot(YTest) 

hold on 

plot(YPred,'.-') 

hold off 

legend(["Observed" "Forecast"]) 

ylabel("Power Consumption (mW)") 

title("Forecast") 

 

subplot(2,1,2) 

stem(YPred - YTest) 

xlabel("Iterations") 

ylabel("Error") 

title("RMSE = " + rmse) 
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Deep Learning Code (SIM7600E) 

 

load SIM7600E_DATA; 

data = Results; 

data = [data{:}]; 

 

figure 

plot(data) 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Power Consumption of SIM7600E") 

 

numTimeStepsTrain = floor(0.6*numel(data)); 

 

dataValid = data(1:81); 

dataTrain = data(81:numTimeStepsTrain+1); 

dataTest = data(numTimeStepsTrain+1:end); 

 

mu = mean(dataTrain); 

sig = std(dataTrain); 

 

dataTrainStandardized = (dataTrain - mu) / sig; 

dataValidStandardized = (dataValid - mu)/ sig; 

 

XTrain = dataTrainStandardized(1:end-1); 

YTrain = dataTrainStandardized(2:end); 

XValid = dataValidStandardized(1:end-1); 

YValid = dataValidStandardized (2:end); 

 

adsXTrain = arrayDatastore(XTrain); 

adsYTrain = arrayDatastore(YTrain); 

adsXValid = arrayDatastore(XValid); 

adsYValid = arrayDatastore(YValid); 

 

 

cdsTrain = combine(adsXTrain,adsYTrain); 

cdsValid = combine(adsXValid, adsYValid); 

 

dataTestStandardized = (dataTest - mu) / sig; 

 

XTest = dataTestStandardized(1:end-1); 

YTest = dataTest(2:end); 

 

net = predictAndUpdateState(trainedNetwork_1,XTrain); 

 

[net,YPred] = predictAndUpdateState(net,YTrain(end)); 

 

numTimeStepsTest = numel(XTest); 
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for i = 2:numTimeStepsTest 

    [net,YPred(:,i)] = predictAndUpdateState(net,YPred(:,i-

1),'ExecutionEnvironment','cpu'); 

end 

 

YPred = sig*YPred + mu; 

 

rmse = sqrt(mean((YPred-YTest).^2)) 

 

figure 

plot(dataTrain(1:end-1)) 

hold on 

idx = numTimeStepsTrain:(numTimeStepsTrain+numTimeStepsTest); 

plot(idx,[data(numTimeStepsTrain) YPred],'.-') 

hold off 

xlabel("Iterations") 

ylabel("Power Consumption (mW)") 

title("Forecast") 

legend(["Observed" "Forecast"]) 

 

figure 

subplot(2,1,1) 

plot(YTest) 

hold on 

plot(YPred,'.-') 

hold off 

legend(["Observed" "Forecast"]) 

ylabel("Power Consumption (mW)") 

title("Forecast") 

 

subplot(2,1,2) 

stem(YPred - YTest) 

xlabel("Iterations") 

ylabel("Error") 

title("RMSE = " + rmse) 

 

MATLAB Code to Calculate Energy Consumption (SIM7080G, Series Upload) 

 

function y = fcn(f) 

 

y = ((f/0.01875)*(0.77753/600)); 

 

MATLAB Code to Calculate Energy Consumption (SIM8262E, Series Upload) 

 

function y  = fcn(g) 

 

y = ((g/25)*(15.708/600)); 

 



OPTIMIZATION OF THE ENERGY CONSUMPTION FOR DATA    Page 77 of 81 
COLLECTION AND TRANSMISSION IN A DIGITAL TWIN APPLICATION 

 

 Niklas Parlindungan Simorangkir 

MATLAB Code to Calculate Energy Consumption (SIM900, Series Upload) 

 

function y = fcn(h) 

 

y = ((h/0.005375)*(4.0559/600)); 

 

MATLAB Code to Calculate Energy Consumption (LoRa, Series Upload) 

function y = fcn(i) 

 

y = ((i/0.00625)*(0.12969/600)); 

 

MATLAB Code to Calculate Energy Consumption (SIM7600E, Series Upload) 

 

function y = fcn(j) 

 

y = ((j/0.625)*(5.2279/600)); 

 

MATLAB Code to Calculate Energy Consumption (SIM7080G, Parallel Upload) 

 

function a = fcn(f) 

 

a = (((f/5)/0.01875)*(0.77753/600)); 

 

MATLAB Code to Calculate Energy Consumption (SIM8262E, Parallel Upload) 

 

function y  = fcn(g) 

 

y = (((g/5)/25)*(15.708/600)); 

 

MATLAB Code to Calculate Energy Consumption (SIM900, Parallel Upload) 

 

function y = fcn(h) 

 

y = (((h/5)/0.005375)*(4.0559/600)); 

 

MATLAB Code to Calculate Energy Consumption (LoRa, Parallel Upload) 

 

function y = fcn(i) 

 

y = (((i/5)/0.00625)*(0.12969/600)); 

 

MATLAB Code to Calculate Energy Consumption (SIM7600E, Parallel Upload) 

 

function y = fcn(j) 

 

y = (((j/5)/0.625)*(5.2279/600)); 

 

MATLAB Code to Assign Packet Size Values (General System) 
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function [a, b]= fcn(u) 

 

a = u; 

b = u; 

 

 

MATLAB Code to Assign Packet Size Values (Series and Parallel Upload 

Subsystems) 

 

function [a, b, c, d, e]= fcn(u) 

 

a = u; 

b = u; 

c = u; 

d = u; 

e = u; 
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