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Active Observing in Continuous-time Control



Applications of  continuous-time control with 
observation costs

• Medical cancer chemotherapy treatment
• Taking expensive Computed Tomography scans, whilst continuously 

controlling chemotherapy dosing
• Mobile robotics
• Measuring the robots position, whilst continuously controlling the robot

• Low power communication
• Measuring the maximum bandwidth, whilst continuously controlling the 

channel transmission
• Biological fish population management
• Fish population survey, whilst continuously controlling the food and 

temperature.



• Continuous-time environments.
• Environment dynamics can be described by a differential equation

• Offline dataset trajectories of  x and a can be 
observed at irregular time intervals 

• Observation costs of   

• Objective to maximize utility

What is continuous-time control with costly 
observations?
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ds(t)

dt
= f(s(t), a(t))
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Reward R
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Cost C



Policies $\rho, interacting with the environment

1.

2. For 

3. Schedule next observation: 

4. Execute actions:                                        for 

5. Take an observation: 

What is continuous-time control with costly 
observations?
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First to formalize the problem of  continuous-time control whilst
deciding when to take costly observations

• Theoretically, we show that regular observing in continuous time 
with costly observations is not optimal for some systems and that 
irregularly observing can achieve a higher expected utility.

• Proposition: For some systems, it is not optimal to observe 
regularly—that is 
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9f,�✏, r, c, h, h
0 : ⇢⇤(h) 6= ⇢⇤(h0)



Active Observing Control

• We propose the Active Observing Control.
• A continuous-time model-based offline RL method that uses a heuristic threshold on 

the variance of  reward rollouts in an model predictive control (MPC) planner.

• Benefits:
• Can avoid discretization errors in time.
• Can learn from an offline dataset sampled with irregular time intervals and has 

observation costs.
• Can achieve high performing utility compared to existing methods.
• Allows to only observe when it is informative to do so and observe irregularly in time.
• Is robust to the heuristic threshold hyperparameter.
• Small run-time complexity, so practical to use.



Environment
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⇠ z(ti)
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<latexit sha1_base64="hzgpBk2qlOEArs2JvdCQmM2OTAc=">AAACH3icbVDLSsNAFJ3UV62vqks3wSK0UEpStLoRCt10I1SwD2hKmEwn7dDJg5kboYb+iRt/xY0LRcRd/8ZJm4W2Hhg4nHMuc+9xQs4kGMZcy2xsbm3vZHdze/sHh0f545OODCJBaJsEPBA9B0vKmU/bwIDTXigo9hxOu86kkfjdRyokC/wHmIZ04OGRz1xGMCjJzteskBWfimCzUrlZurU8DGPhxXetxqxojTHE7sy2YEwBl9OUULmcnS8YFWMBfZ2YKSmgFC07/20NAxJ51AfCsZR90whhEGMBjHA6y1mRpCEmEzyifUV97FE5iBf3zfQLpQx1NxDq+aAv1N8TMfaknHqOSib7y1UvEf/z+hG4N4OY+WEE1CfLj9yI6xDoSVn6kAlKgE8VwUQwtatOxlhgAqrSpARz9eR10qlWzFrl6v6yUK+mdWTRGTpHRWSia1RHTdRCbUTQM3pF7+hDe9HetE/taxnNaOnMKfoDbf4DLcGhJA==</latexit>

⇡(z(ti), H) = MPC(f̂✓, z(ti), r,H)
<latexit sha1_base64="4rwWApm1aqya67AdmT/mE+fi5l4=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2E3+DoGvHiMYB6wWcLsZDYZMjuzzPQKcclnePGgiFe/xpt/4yTZgyYWNBRV3XR3hYngBlz32ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOb2d+55Fpw5V8gEnCgpgMJY84JWAlv2d4jJ+q0Ofn/XLFrblz4FXi5aSCcjT75a/eQNE0ZhKoIMb4nptAkBENnAo2LfVSwxJCx2TIfEsliZkJsvnJU3xmlQGOlLYlAc/V3xMZiY2ZxKHtjAmMzLI3E//z/BSimyDjMkmBSbpYFKUCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LJhuAtv7xK2vWad1W7vL+oNOp5HEV0gk5RFXnoGjXQHWqiFqJIoWf0it4ccF6cd+dj0Vpw8plj9AfO5w91z5Cu</latexit>

⇠ z(ti)

<latexit sha1_base64="QteffWaFhhnFqR5TNV69KWPbtaY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsLXQhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR28SppqxFYxHrTkgME1yxFnIUrJNoRmQo2GM4vs38xyemDY/VA04SFkgyVDzilGAmkSqe98sVr+bN4a4SPycVyNHsl796g5imkimkghjT9b0EgynRyKlgs1IvNSwhdEyGrGupIpKZYDq/deaeWWXgRrG2pdCdq78npkQaM5Gh7ZQER2bZy8T/vG6K0U0w5SpJkSm6WBSlwsXYzR53B1wzimJiCaGa21tdOiKaULTxlGwI/vLLq6Rdr/lXtcv7i0qjnsdRhBM4hSr4cA0NuIMmtIDCCJ7hFd4c6bw4787HorXg5DPH8AfO5w9dGI3C</latexit>

a(t)

<latexit sha1_base64="PwsX0/4zXaO7mUZ0ELjIn4tO0qc=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKewGX8eAF48RzAOSJczO9iZDZmfXmV4hhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuBMyAFAqaKFBCJ9XA4kBCOxjdzvz2E2gjEvWA4xT8mA2UiARnaKVOLwSJrM/65Ypbdeegq8TLSYXkaPTLX70w4VkMCrlkxnQ9N0V/wjQKLmFa6mUGUsZHbABdSxWLwfiT+b1TemaVkEaJtqWQztXfExMWGzOOA9sZMxyaZW8m/ud1M4xu/IlQaYag+GJRlEmKCZ09T0OhgaMcW8K4FvZWyodMM442opINwVt+eZW0alXvqnp5f1Gp1/I4iuSEnJJz4pFrUid3pEGahBNJnskreXMenRfn3flYtBacfOaY/IHz+QMCI4/q</latexit>

�a

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t
<latexit sha1_base64="wI98QMWybm6F21PtflRRw3trVP0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryOJF46QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYPZpKgH9Gh5CFn1FipUesXS27ZXYCsEy8jJchQ7xe/eoOYpRFKwwTVuuu5ifGnVBnOBM4KvVRjQtmYDrFrqaQRan+6OHRGLqwyIGGsbElDFurviSmNtJ5Ege2MqBnpVW8u/ud1UxPe+VMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrUrZuylfN65K1UoWRx7O4BwuwYNbqEIN6tAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/m+mMxg==</latexit>

H
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<latexit sha1_base64="hzgpBk2qlOEArs2JvdCQmM2OTAc=">AAACH3icbVDLSsNAFJ3UV62vqks3wSK0UEpStLoRCt10I1SwD2hKmEwn7dDJg5kboYb+iRt/xY0LRcRd/8ZJm4W2Hhg4nHMuc+9xQs4kGMZcy2xsbm3vZHdze/sHh0f545OODCJBaJsEPBA9B0vKmU/bwIDTXigo9hxOu86kkfjdRyokC/wHmIZ04OGRz1xGMCjJzteskBWfimCzUrlZurU8DGPhxXetxqxojTHE7sy2YEwBl9OUULmcnS8YFWMBfZ2YKSmgFC07/20NAxJ51AfCsZR90whhEGMBjHA6y1mRpCEmEzyifUV97FE5iBf3zfQLpQx1NxDq+aAv1N8TMfaknHqOSib7y1UvEf/z+hG4N4OY+WEE1CfLj9yI6xDoSVn6kAlKgE8VwUQwtatOxlhgAqrSpARz9eR10qlWzFrl6v6yUK+mdWTRGTpHRWSia1RHTdRCbUTQM3pF7+hDe9HetE/taxnNaOnMKfoDbf4DLcGhJA==</latexit>

⇡(z(ti), H) = MPC(f̂✓, z(ti), r,H)
<latexit sha1_base64="4rwWApm1aqya67AdmT/mE+fi5l4=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2E3+DoGvHiMYB6wWcLsZDYZMjuzzPQKcclnePGgiFe/xpt/4yTZgyYWNBRV3XR3hYngBlz32ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOb2d+55Fpw5V8gEnCgpgMJY84JWAlv2d4jJ+q0Ofn/XLFrblz4FXi5aSCcjT75a/eQNE0ZhKoIMb4nptAkBENnAo2LfVSwxJCx2TIfEsliZkJsvnJU3xmlQGOlLYlAc/V3xMZiY2ZxKHtjAmMzLI3E//z/BSimyDjMkmBSbpYFKUCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LJhuAtv7xK2vWad1W7vL+oNOp5HEV0gk5RFXnoGjXQHWqiFqJIoWf0it4ccF6cd+dj0Vpw8plj9AfO5w91z5Cu</latexit>

⇠ z(ti)

<latexit sha1_base64="QteffWaFhhnFqR5TNV69KWPbtaY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsLXQhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR28SppqxFYxHrTkgME1yxFnIUrJNoRmQo2GM4vs38xyemDY/VA04SFkgyVDzilGAmkSqe98sVr+bN4a4SPycVyNHsl796g5imkimkghjT9b0EgynRyKlgs1IvNSwhdEyGrGupIpKZYDq/deaeWWXgRrG2pdCdq78npkQaM5Gh7ZQER2bZy8T/vG6K0U0w5SpJkSm6WBSlwsXYzR53B1wzimJiCaGa21tdOiKaULTxlGwI/vLLq6Rdr/lXtcv7i0qjnsdRhBM4hSr4cA0NuIMmtIDCCJ7hFd4c6bw4787HorXg5DPH8AfO5w9dGI3C</latexit>

a(t)

<latexit sha1_base64="QteffWaFhhnFqR5TNV69KWPbtaY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsLXQhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR28SppqxFYxHrTkgME1yxFnIUrJNoRmQo2GM4vs38xyemDY/VA04SFkgyVDzilGAmkSqe98sVr+bN4a4SPycVyNHsl796g5imkimkghjT9b0EgynRyKlgs1IvNSwhdEyGrGupIpKZYDq/deaeWWXgRrG2pdCdq78npkQaM5Gh7ZQER2bZy8T/vG6K0U0w5SpJkSm6WBSlwsXYzR53B1wzimJiCaGa21tdOiKaULTxlGwI/vLLq6Rdr/lXtcv7i0qjnsdRhBM4hSr4cA0NuIMmtIDCCJ7hFd4c6bw4787HorXg5DPH8AfO5w9dGI3C</latexit>

a(t)

<latexit sha1_base64="PwsX0/4zXaO7mUZ0ELjIn4tO0qc=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKewGX8eAF48RzAOSJczO9iZDZmfXmV4hhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuBMyAFAqaKFBCJ9XA4kBCOxjdzvz2E2gjEvWA4xT8mA2UiARnaKVOLwSJrM/65Ypbdeegq8TLSYXkaPTLX70w4VkMCrlkxnQ9N0V/wjQKLmFa6mUGUsZHbABdSxWLwfiT+b1TemaVkEaJtqWQztXfExMWGzOOA9sZMxyaZW8m/ud1M4xu/IlQaYag+GJRlEmKCZ09T0OhgaMcW8K4FvZWyodMM442opINwVt+eZW0alXvqnp5f1Gp1/I4iuSEnJJz4pFrUid3pEGahBNJnskreXMenRfn3flYtBacfOaY/IHz+QMCI4/q</latexit>

�a

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t

<latexit sha1_base64="4cy3FswFAqJuWhsOHkuPQc4cPzA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2E3+DoGvHiMYB6QLGF2MpsMmZldZmaFuOQXvHhQxKs/5M2/cTbZgyYWNBRV3XR3BTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lPVnA/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3WGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDGT5mME0MlWSwKE45MhLLH0ZApSgyfWoKJYvZWRMZYYWJsPCUbgrf88ipp12veVe3y/qLSqOdxFOEETqEKHlxDA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDg0eN2w==</latexit>

z(t)

<latexit sha1_base64="EYuLmInLwTzZwxXi/kzne8jpfhk=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoOQXMJu8HUMePEYwTwgu4TZyWwyZGZ2mekVwpLf8OJBEa/+jDf/xkmyB00saCiquunuChPBDbjut1PY2Nza3inulvb2Dw6PyscnHROnmrI2jUWseyExTHDF2sBBsF6iGZGhYN1wcjf3u09MGx6rR5gmLJBkpHjEKQEr+b7hI0mqugq12qBccevuAnideDmpoBytQfnLH8Y0lUwBFcSYvucmEGREA6eCzUp+alhC6ISMWN9SRSQzQba4eYYvrDLEUaxtKcAL9fdERqQxUxnaTklgbFa9ufif108hug0yrpIUmKLLRVEqMMR4HgAecs0oiKklhGpub8V0TDShYGMq2RC81ZfXSadR967rVw+XlWYjj6OIztA5qiIP3aAmukct1EYUJegZvaI3J3VenHfnY9lacPKZU/QHzucP3XWQ4Q==</latexit>

�(r(t))
<latexit sha1_base64="jTI0+Xwtpq24IeeUqK4UmZXLX2w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+yLfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NTp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YY3viZUEmKXLHFojCVBGMy+5sMhOYM5cQSyrSwtxI2opoytOmUbAje8surpFWrelfVy/uLSr2Wx1GEEziFc/DgGupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH1jojc4=</latexit>

ti
<latexit sha1_base64="T5MavM1wEs3OaMcWOlAsTEMaLIM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3+DoGvHiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtbGfiQtv2i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw1s/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbRqVe+6evVwWanX8jiKcAKncA4e3EAd7qEBTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wf2/I9K</latexit>

ti+1

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t

<latexit sha1_base64="JvZIlN0AUfqYd9SnyVlFSaoeYuw=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK0CCUpvjZCQRcuK9gHNCFMppN26OTBzI1QQ8GNv+LGhSJu/Ql3/o1Jm4W2HrhwOOde7r3HjQRXYBjf2sLi0vLKamGtuL6xubWt7+y2VBhLypo0FKHsuEQxwQPWBA6CdSLJiO8K1naHV5nfvmdS8TC4g1HEbJ/0A+5xSiCVHH3fkoOw/FAGh1cql9Y1E0CchB+b46Kjl4yqMQGeJ2ZOSihHw9G/rF5IY58FQAVRqmsaEdgJkcCpYOOiFSsWETokfdZNaUB8puxk8sMYH6VKD3uhTCsAPFF/TyTEV2rku2mnT2CgZr1M/M/rxuBd2AkPohhYQKeLvFhgCHEWCO5xySiIUUoIlTy9FdMBkYRCGlsWgjn78jxp1armWfX09qRUr+VxFNABOkRlZKJzVEc3qIGaiKJH9Ixe0Zv2pL1o79rHtHVBy2f20B9onz/RB5ZP</latexit>

⇢(z(ti)) = �i+1

<latexit sha1_base64="SK+QfCL2Uco7eFPIArhp1I9Ww/E=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kknx61jw4rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+qnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu65dPVxWG/UijhKcwhlcgAc30IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8AR+djkI=</latexit>⌧

<latexit sha1_base64="/4XzxARzAyWAVeAw1AfMJGVa0fo=">AAACC3icbVDLSgMxFM3UV62vqks3oUVosZSZ4mtZcOOygn3AtAyZNG1DM5khuSOUoXs3/oobF4q49Qfc+Tdm2i609UDgcM695J7jR4JrsO1vK7O2vrG5ld3O7ezu7R/kD49aOowVZU0ailB1fKKZ4JI1gYNgnUgxEviCtf3xTeq3H5jSPJT3MIlYLyBDyQecEjCSly+QEpQr3UGoiBAYcJdL7ILHKxi8hJ8503LOyxftqj0DXiXOghTRAg0v/9XthzQOmAQqiNauY0fQS4gCTgWb5rqxZhGhYzJkrqGSBEz3klmWKT41Sh+be8yTgGfq742EBFpPAt9MBgRGetlLxf88N4bBdS/hMoqBSTr/aBCbzCFOi8F9rhgFMTGEUMXNrZiOiCIUTH1pCc5y5FXSqlWdy+rF3XmxXlvUkUUnqIBKyEFXqI5uUQM1EUWP6Bm9ojfryXqx3q2P+WjGWuwcoz+wPn8AnKKY1A==</latexit>

a(t), 8t 2 [ti, ti+1)

<latexit sha1_base64="wI98QMWybm6F21PtflRRw3trVP0=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaJryOJF46QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnIbm1vbO/ndwt7+weFR8fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvP6HSPJYPZpKgH9Gh5CFn1FipUesXS27ZXYCsEy8jJchQ7xe/eoOYpRFKwwTVuuu5ifGnVBnOBM4KvVRjQtmYDrFrqaQRan+6OHRGLqwyIGGsbElDFurviSmNtJ5Ege2MqBnpVW8u/ud1UxPe+VMuk9SgZMtFYSqIicn8azLgCpkRE0soU9zeStiIKsqMzaZgQ/BWX14nrUrZuylfN65K1UoWRx7O4BwuwYNbqEIN6tAEBgjP8ApvzqPz4rw7H8vWnJPNnMIfOJ8/m+mMxg==</latexit>

H

<latexit sha1_base64="FikY/nt7vRffx1DGguBiwrihoHY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFX4uMY8OIxgnlAsoTZyWwyZHZ2mekVwpKP8OJBEa9+jzf/xkmyB00saCiquunuChIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7mt5+4NiJWjzhJuB/RoRKhYBSt1MZ+Ji68ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHrX1auHWqXu5nEU4QRO4Rw8uIE63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/2Yo9I</latexit>

ti+1

Active Observing Control



Execute actions 
a(t) up to t_{j1} 
and then take an 

observation at t_j1<latexit sha1_base64="FikY/nt7vRffx1DGguBiwrihoHY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFX4uMY8OIxgnlAsoTZyWwyZHZ2mekVwpKP8OJBEa9+jzf/xkmyB00saCiquunuChIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7mt5+4NiJWjzhJuB/RoRKhYBSt1MZ+Ji68ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHrX1auHWqXu5nEU4QRO4Rw8uIE63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/2Yo9I</latexit>

ti+1

<latexit sha1_base64="FikY/nt7vRffx1DGguBiwrihoHY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGFX4uMY8OIxgnlAsoTZyWwyZHZ2mekVwpKP8OJBEa9+jzf/xkmyB00saCiquunuChIpDLrut1NYW9/Y3Cpul3Z29/YPyodHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+G7mt5+4NiJWjzhJuB/RoRKhYBSt1MZ+Ji68ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDG/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHrX1auHWqXu5nEU4QRO4Rw8uIE63EMDmsBgDM/wCm9O4rw4787HorXg5DPH8AfO5w/2Yo9I</latexit>

ti+1

1) Plan action trajectory 2) Plan next observation time

<latexit sha1_base64="KO9UH9epHl6cO8fpo6ZVwPOzG8g=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2FXfB0DXjxGMA9IljA7mU2GzOwuM71CCPkFLx4U8eoPefNvnE32oIkFDUVVN91dQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGSxHxJgqUvJNoTlUgeTsY32V++4lrI+LoEScJ9xUdRiIUjGIm0Sqe98sVt+bOQVaJl5MK5Gj0y1+9QcxSxSNkkhrT9dwE/SnVKJjks1IvNTyhbEyHvGtpRBU3/nR+64ycWWVAwljbipDM1d8TU6qMmajAdiqKI7PsZeJ/XjfF8NafiihJkUdssShMJcGYZI+TgdCcoZxYQpkW9lbCRlRThjaekg3BW355lbQuat517erhslJ38ziKcAKnUAUPbqAO99CAJjAYwTO8wpujnBfn3flYtBacfOYY/sD5/AFcfo3A</latexit>

a(t)

Environment

<latexit sha1_base64="hzgpBk2qlOEArs2JvdCQmM2OTAc=">AAACH3icbVDLSsNAFJ3UV62vqks3wSK0UEpStLoRCt10I1SwD2hKmEwn7dDJg5kboYb+iRt/xY0LRcRd/8ZJm4W2Hhg4nHMuc+9xQs4kGMZcy2xsbm3vZHdze/sHh0f545OODCJBaJsEPBA9B0vKmU/bwIDTXigo9hxOu86kkfjdRyokC/wHmIZ04OGRz1xGMCjJzteskBWfimCzUrlZurU8DGPhxXetxqxojTHE7sy2YEwBl9OUULmcnS8YFWMBfZ2YKSmgFC07/20NAxJ51AfCsZR90whhEGMBjHA6y1mRpCEmEzyifUV97FE5iBf3zfQLpQx1NxDq+aAv1N8TMfaknHqOSib7y1UvEf/z+hG4N4OY+WEE1CfLj9yI6xDoSVn6kAlKgE8VwUQwtatOxlhgAqrSpARz9eR10qlWzFrl6v6yUK+mdWTRGTpHRWSia1RHTdRCbUTQM3pF7+hDe9HetE/taxnNaOnMKfoDbf4DLcGhJA==</latexit>

⇡(z(ti), H) = MPC(f̂✓, z(ti), r,H)
<latexit sha1_base64="4rwWApm1aqya67AdmT/mE+fi5l4=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2E3+DoGvHiMYB6wWcLsZDYZMjuzzPQKcclnePGgiFe/xpt/4yTZgyYWNBRV3XR3hYngBlz32ymsrW9sbhW3Szu7e/sH5cOjtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOb2d+55Fpw5V8gEnCgpgMJY84JWAlv2d4jJ+q0Ofn/XLFrblz4FXi5aSCcjT75a/eQNE0ZhKoIMb4nptAkBENnAo2LfVSwxJCx2TIfEsliZkJsvnJU3xmlQGOlLYlAc/V3xMZiY2ZxKHtjAmMzLI3E//z/BSimyDjMkmBSbpYFKUCg8Kz//GAa0ZBTCwhVHN7K6YjogkFm1LJhuAtv7xK2vWad1W7vL+oNOp5HEV0gk5RFXnoGjXQHWqiFqJIoWf0it4ccF6cd+dj0Vpw8plj9AfO5w91z5Cu</latexit>

⇠ z(ti)

<latexit sha1_base64="QteffWaFhhnFqR5TNV69KWPbtaY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsLXQhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR28SppqxFYxHrTkgME1yxFnIUrJNoRmQo2GM4vs38xyemDY/VA04SFkgyVDzilGAmkSqe98sVr+bN4a4SPycVyNHsl796g5imkimkghjT9b0EgynRyKlgs1IvNSwhdEyGrGupIpKZYDq/deaeWWXgRrG2pdCdq78npkQaM5Gh7ZQER2bZy8T/vG6K0U0w5SpJkSm6WBSlwsXYzR53B1wzimJiCaGa21tdOiKaULTxlGwI/vLLq6Rdr/lXtcv7i0qjnsdRhBM4hSr4cA0NuIMmtIDCCJ7hFd4c6bw4787HorXg5DPH8AfO5w9dGI3C</latexit>

a(t)

<latexit sha1_base64="QteffWaFhhnFqR5TNV69KWPbtaY=">AAAB63icbVBNS8NAEJ3Ur1q/qh69BItQLyUpfh0LXjxWsLXQhrLZbtqlu5uwOxFK6V/w4kERr/4hb/4bN20O2vpg4PHeDDPzwkRwg5737RTW1jc2t4rbpZ3dvf2D8uFR28SppqxFYxHrTkgME1yxFnIUrJNoRmQo2GM4vs38xyemDY/VA04SFkgyVDzilGAmkSqe98sVr+bN4a4SPycVyNHsl796g5imkimkghjT9b0EgynRyKlgs1IvNSwhdEyGrGupIpKZYDq/deaeWWXgRrG2pdCdq78npkQaM5Gh7ZQER2bZy8T/vG6K0U0w5SpJkSm6WBSlwsXYzR53B1wzimJiCaGa21tdOiKaULTxlGwI/vLLq6Rdr/lXtcv7i0qjnsdRhBM4hSr4cA0NuIMmtIDCCJ7hFd4c6bw4787HorXg5DPH8AfO5w9dGI3C</latexit>

a(t)

<latexit sha1_base64="PwsX0/4zXaO7mUZ0ELjIn4tO0qc=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKewGX8eAF48RzAOSJczO9iZDZmfXmV4hhPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkEph0HW/ncLa+sbmVnG7tLO7t39QPjxqmSTTHJo8kYnuBMyAFAqaKFBCJ9XA4kBCOxjdzvz2E2gjEvWA4xT8mA2UiARnaKVOLwSJrM/65Ypbdeegq8TLSYXkaPTLX70w4VkMCrlkxnQ9N0V/wjQKLmFa6mUGUsZHbABdSxWLwfiT+b1TemaVkEaJtqWQztXfExMWGzOOA9sZMxyaZW8m/ud1M4xu/IlQaYag+GJRlEmKCZ09T0OhgaMcW8K4FvZWyodMM442opINwVt+eZW0alXvqnp5f1Gp1/I4iuSEnJJz4pFrUid3pEGahBNJnskreXMenRfn3flYtBacfOaY/IHz+QMCI4/q</latexit>

�a

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t

<latexit sha1_base64="4cy3FswFAqJuWhsOHkuPQc4cPzA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoMQL2E3+DoGvHiMYB6QLGF2MpsMmZldZmaFuOQXvHhQxKs/5M2/cTbZgyYWNBRV3XR3BTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3mdx6p0iySD2YaU1/gkWQhI9hk0lPVnA/KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46v3WGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDGT5mME0MlWSwKE45MhLLH0ZApSgyfWoKJYvZWRMZYYWJsPCUbgrf88ipp12veVe3y/qLSqOdxFOEETqEKHlxDA+6gCS0gMIZneIU3RzgvzrvzsWgtOPnMMfyB8/kDg0eN2w==</latexit>

z(t)

<latexit sha1_base64="EYuLmInLwTzZwxXi/kzne8jpfhk=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoOQXMJu8HUMePEYwTwgu4TZyWwyZGZ2mekVwpLf8OJBEa/+jDf/xkmyB00saCiquunuChPBDbjut1PY2Nza3inulvb2Dw6PyscnHROnmrI2jUWseyExTHDF2sBBsF6iGZGhYN1wcjf3u09MGx6rR5gmLJBkpHjEKQEr+b7hI0mqugq12qBccevuAnideDmpoBytQfnLH8Y0lUwBFcSYvucmEGREA6eCzUp+alhC6ISMWN9SRSQzQba4eYYvrDLEUaxtKcAL9fdERqQxUxnaTklgbFa9ufif108hug0yrpIUmKLLRVEqMMR4HgAecs0oiKklhGpub8V0TDShYGMq2RC81ZfXSadR967rVw+XlWYjj6OIztA5qiIP3aAmukct1EYUJegZvaI3J3VenHfnY9lacPKZU/QHzucP3XWQ4Q==</latexit>

�(r(t))
<latexit sha1_base64="jTI0+Xwtpq24IeeUqK4UmZXLX2w=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGX8eAF48RzQOSJcxOZpMhs7PLTK8QlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilB+yLfrniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5YqGnHjZ/NTp+TMKgMSxtqWQjJXf09kNDJmEgW2M6I4MsveTPzP66YY3viZUEmKXLHFojCVBGMy+5sMhOYM5cQSyrSwtxI2opoytOmUbAje8surpFWrelfVy/uLSr2Wx1GEEziFc/DgGupwBw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH1jojc4=</latexit>

ti
<latexit sha1_base64="T5MavM1wEs3OaMcWOlAsTEMaLIM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMgCGE3+DoGvHiMYB6QLGF2MpsMmZ1dZnqFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7gkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtbGfiQtv2i9X3Ko7B1klXk4qkKPRL3/1BjFLI66QSWpM13MT9DOqUTDJp6VeanhC2ZgOeddSRSNu/Gx+7pScWWVAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw1s/EypJkSu2WBSmkmBMZr+TgdCcoZxYQpkW9lbCRlRThjahkg3BW355lbRqVe+6evVwWanX8jiKcAKncA4e3EAd7qEBTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wf2/I9K</latexit>

ti+1

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t

<latexit sha1_base64="tjXMbaQe+PsKAHGjdaW97bxci8k=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKX8eCF48t2FpoQ9lsN+3azSbsToQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IJHCoOt+O4W19Y3NreJ2aWd3b/+gfHjUNnGqGW+xWMa6E1DDpVC8hQIl7ySa0yiQ/CEY3878hyeujYjVPU4S7kd0qEQoGEUrNbFfrrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYpG3PjZ/NApObPKgISxtqWQzNXfExmNjJlEge2MKI7MsjcT//O6KYY3fiZUkiJXbLEoTCXBmMy+JgOhOUM5sYQyLeythI2opgxtNiUbgrf88ipp16reVfWyeVGp1/I4inACp3AOHlxDHe6gAS1gwOEZXuHNeXRenHfnY9FacPKZY/gD5/MH3pmM8g==</latexit>

t

<latexit sha1_base64="JvZIlN0AUfqYd9SnyVlFSaoeYuw=">AAACA3icbVDLSsNAFJ34rPUVdaebwSK0CCUpvjZCQRcuK9gHNCFMppN26OTBzI1QQ8GNv+LGhSJu/Ql3/o1Jm4W2HrhwOOde7r3HjQRXYBjf2sLi0vLKamGtuL6xubWt7+y2VBhLypo0FKHsuEQxwQPWBA6CdSLJiO8K1naHV5nfvmdS8TC4g1HEbJ/0A+5xSiCVHH3fkoOw/FAGh1cql9Y1E0CchB+b46Kjl4yqMQGeJ2ZOSihHw9G/rF5IY58FQAVRqmsaEdgJkcCpYOOiFSsWETokfdZNaUB8puxk8sMYH6VKD3uhTCsAPFF/TyTEV2rku2mnT2CgZr1M/M/rxuBd2AkPohhYQKeLvFhgCHEWCO5xySiIUUoIlTy9FdMBkYRCGlsWgjn78jxp1armWfX09qRUr+VxFNABOkRlZKJzVEc3qIGaiKJH9Ixe0Zv2pL1o79rHtHVBy2f20B9onz/RB5ZP</latexit>

⇢(z(ti)) = �i+1

<latexit sha1_base64="SK+QfCL2Uco7eFPIArhp1I9Ww/E=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kknx61jw4rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+qnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu65dPVxWG/UijhKcwhlcgAc30IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8AR+djkI=</latexit>⌧
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Results

• Active Observing Control achieves state-of-the-art episodic utility 
performance across the cancer environment and standard continuous-
time RL environments.
• Achieving near expert policy performance, when taking significantly less observations.

• Normalized utilities       , normalized rewards        and observations       of  
the baselines.
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Insight Experiments

How does irregularly observing achieve a higher expected utility than 
regularly observing?
• AOC Automatically determines to observe larger cancer volumes more frequently as they 

are more informative, as the future state change magnitude is larger.
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Continuous Planning
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Insight Experiments
How does irregularly observing achieve a higher expected utility than 
regularly observing?

• Frequency of  observations per state region for Pendulum.

• Even when Continuous Planning takes the same number of  observations 
as determined by AOC, it still performs worse, because those 
observations are not well located.
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Insight Experiments

Why is it crucial to actively observe with continuous-time methods, rather 
than discrete-time methods?
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Active Observing Control R = 98.8 ± 0.174

Discrete Monitoring R = 85.7 ± 0.526



Contributions

• We are the first to formalize the problem of  continuous-time 
control whilst deciding when to take costly observations.

• Can achieve state-of-the-art utility performance.

• Can correctly observe the state when it is informative to do so.

• It can avoid discretization errors in time, and is robust to its 
threshold hyperparameter.

• This now enables:
• Dynamic expensive medical scan scheduling
• New improved methods to build on and solve this real-world 

applicable costly observing whilst continually controlling 
problem.
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